Aah a ora ot 





CONTROL: 





ALREADY SUCCESSFUL 
IN WORLD MARKETS 





The B.T.L. Chromatographic 
Desalting apparatus presents, 
in one unit, a convenient 
means of removing inorganic 
salts from chromatographic 
solutions. The cell unit is 
‘Perspex’ and is thus trans- 
parent and virtually unbreak- 
able. Three cells of 1, 2 and 
3 ml. are provided (giving 
maximum capacity 6 ml.) with 
a Pasteur pipette which can 
be used to stir any cell as re- 
quired. The front panel carries 
a potentiometer control knob, 
mains switch and 0-100 milli- 
ol ammeter, indicating conclu- 
roi alaclaat-iiele|a-|olalioc: sion of desalting by a sharp 

drop. This apparatus is com- 
pletely self-contained and has 


. its own transformer and 
re [-¥-F-1hdlalre| a 


Catalogue No. C.40/280 
Price £29.15.0 





Please send for full details. 
complete 
taboratory 
service 


self-contained unit 


BAIRD & TATLOCK (LONDON) LTD., CHADWELL HEATH, ESSEX, ENGLAND 


Branches in London, Manchester & Glasgow Agents throughout the U.K. and all over the world 


TAS/BT 86 


‘ANALAR’ Reagents 


TRADE MARK 


- ? * 


¥ 

B —_ 
First in 1911 to publish a series of British Reagents Specifications, Hopkin 
& Williams Ltd., were one of the two companies who in 1934 introduced the 
now widely-accepted system of ‘ANALAR’ specifications*. 
From the outset Hopkin & Williams have manufactured and tested reagents to 
these specifications with a meticulous care that has inspired confidence in 
*“ANALAR’ throughout the world. From time to time more effective methods of 
purification permit the tightening of existing specifications, and new ones are 
added to meet the users’ up-to-date requirements. At present no less than 308 
*‘ANALAR’ Laboratory Reagents, besides many other ranges of chemicals for 
special purposes, are available as part of the H. & W. service to research, analysis 
and industry. 
** “ANALAR” STANDARDS FOR LABORATORY CHEMICALS”, 
5th Revised Edition 1957, 21/- post free 


CHEMICALS 


TRADE MARK for research, analysis and industry 


HOPKIN & WILLIAMS LTD. CHADWELL HEATH, ESSEX, ENGLAND 


Branches London, Man he sfer, Glasgow Avent throughout l K and all over the world 


TAS/HW.15 





Mallory 


ti 
mu | FIRST WITH MULTI-VOLTAGE 
The Mallory Mercury Reference Battery 
It is the first low impedance, multi-voltage, 
V0 age commercial design DC reference source. 
It provides 8 outputs, from 0 to 10-80 volts, 
in 1-35 volt steps. It operates in any position. 
refe re {] Ce Its rugged, non-glass construction resists 
electrical or physical damage. 
Its accuracy of + 4° of rated voltage is guaranteed 
for two years and extends far beyond that period 


battery And its price is only £10 


FIRST WITH MERCURY 
Based on the mercury system, 

Sse t Ss this new reference battery sets the highest standard 
of accuracy for instrument calibration 

ne and voltage check measurement. The mercury cell 
a Ww was pioneered by Mallory for field transmitters 
during the war. Since then, its constant 
re| ry ce voltage output over a very long life, 

its small size and freedom from leakage, 

sta n re| a ae has earned a unique place for Mallory 
in ‘unseen’ hearing aids, medical electronics, 
industrial instruments, telemetering systems 
and in miniature transistorised equipment 
of many different kinds. 


for detailed specifications write for Bulletin 1-209. 


Supplied by 

BAIRD & TATLOCK (LONDON) LTD 
Chadwell Heath, Essex 

A. GALLENKAMP & COLTD 
Technico House, Sun St, London EC2 
W. B. NICOLSON 

(Scientific Instruments) LTD 
Thornliebank Industrial Estate, 
Glasgow 

J. W. TOWERS & COLTD 

Victoria House, Widnes, Lancs 


Price Multi-voit £10 
Single Cell £4 
Delivery immediate 


MALLORY 


MALLORY BATTERIES LIMITED 
Sales Office: 3S Duke Street London W1 
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\ Analytical 
/ Y 


A growing range of instrument- 
ation for the Analytical and Control 
Chemist. 

Pulse Polarograph, Cathode Ray 
Polarograph, Manual Polarograph, 
Dissolved Oxygen Meter, Hydrogen 
Generator, Nilox Gas Scrubber, 
Potentiostat for studies at controlled 
anode or cathode potential, static and 

ow turbidimeter and absorptiometer, 
phthalic anhydride continuous 
absorptiometer. 


V 


INSTRUMENTS 
WITH THE USER IN MIND FROM 


Southern Analytical Limited 


FRIMLEY ROAD CAMBERLEY SURREY. TELEPHONE: 3401 
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LI MOISTURE 
METERS 


the fastest, most accurate instrument ever designed 
for this purpose 


CHECK: Water content in 
Raw materials @ Products during 
manufacture @ Finished products. 


> DETERMINE: Alteration thresholds 
‘Gallia’ Moisture Meters bring fast accuracy withinthereach @ Percentages of Impurities @ 
of every Technician or Research Chemist. Precise moisture Volatile Solvents @ Fatty Matter. 
content of any product is read off directly on a calibrated 
scale—the determination being established by infra-red PRODUCE Evaporation Curves 


automatic thermo-balance and optical system. 
cose SPS iT 


GALLIA" Moisture Meter ‘GALLIA" Thermobalance 


A luminous spot moving on a Cali- Similar in operation to Moisture 
brated scale shows moisture con- Meter the Thermobalance is 
tent percentage of any product accurate to OS%, with a deter- 
placed under the infra-red heat mination-speed of 5-30 minutes 
source. Temperature is adjustable A laboratory instrument, Gallia 
Correct drying temperatures can Thermobalance facilitates isother 
be determined. Prec on of mal thermogravimetrical analysis 
25 with deterrn tion speed determination re veight $s 
of 5-30 wm tes Th perfect curves: ¢ rsion ¢t >eratures 


nstrumentfor Works Technicians and dec 


Large Capacity —_ 
Moisture Meter 


Tests larger or heav ri A se 7 
somples; takes same | “GALLIA 
dishes 250 mn MOISTURE METER IS— 

efficiently test sample PRECISE—Accuracy of 

weighing fron ) j Evaporation and meas 

ager rat thus ensuring complete accu 

pos desig RAPIDS to 30 minutes 

w tht 000 ¢ s. samples humidity-percentage 

Speedy, reliable accur SIMPLE Results are read off direct fr 

acy automatically with ca ations 

RATIONAL ~ Deep penetration of infra-red hea 
obviously results in greater accuracy and greater speed 


' 
Multicell Oven ECONOMICAL The greater number of tests mad 
| 





the Gallia's speed; the absence of calculations: and « 


Evaporates bulk of ’ 
accuracy of determinations mw | the mc = 
the moisture be- : a ake Gallia the most ¢ 


fore introducing | ADJUSTABLE | Accurate adjustmenc 
sample into the | product is easily achieved 

Morsture Meter 
or Thermobalance 
for final reading 
Also a perfect dry- 


ing oven for other Sole Agents for the Commonwealth, 
purposes. 
Great Britain and Eire: 


THE NORTHERN MEDIA SUPPLY 


BRIT PAT. NO 11-12 BLANKET ROW, HULL, ENGLAND ~- Telephones: 35012 - 35455 - 26212 
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GLASS 


for precision! 


‘Pyrex’ tubing is machine-drawn 
in many different dimensions 
with varying tolerances for 
different uses. For certain 
applications constant bore is 
required, maintained within 
close tolerance. Such tubing, 
known as precision bore, is 
processed a second time to 
produce tubes from 1 to 42 mm. 
bore from stock tubing of four 
different sizes 


Precision bore tubing is used 
where accurate measurement of 
volumes is required, and where 
accurate assembly of complex 
devices is necessary. ..asin 
the electronics industry, where 
very high accuracy is required 
for television camera tubes, 
information storage tubes, 
travelling wave tubes and the 
like. In the image iconoscope 
camera tube, for example, the 
electron gun, accurately centred 
on metal flanges, must be 
placed with extreme precision 
in the bore of the tube in order 
to make this type of camera 
tube a practical proposition. 

In this way the beam from the 
electron gun is centred on the 
axis of its tube and arrives 
accurately at the correct 
position on the target electrode. 


Modern developments in 
electronic tubes will 
undoubtedly require even 
higher standards of accuracy in 
positioning of electrodes, often 
with extremely small spacing 
between these electrodes. The 
task of achieving these results 
will be greatly assisted by the 
free availability of high accuracy 
glass tubing. 
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To the Scientific Sales Department, James A. Jobling & Co. Ltd., Wear Glass Works, Sunderland. 
NAME (and department) 
COMPANY 


ADDRESS 


Please send me * the current issue of ‘Pyrex Glass’ and all future issues 
* ‘Pyrex’ catalogue * delete which is not applicable 


are you on our 
mailing list for ‘PYREX’ 


technical literature ? 


The manufacture, and certain applications of ‘Pyrex’ 
precision bore glass tubing are discussed in the 
current issue of ‘Pyrex Glass'—a technical bulletin 
distributed free by James A. Jobling to all who 

are interested in the advances now being made in 
the development of scientific and laboratory 


glassware. ‘Pyrex Giass’ is issued every two months. 


new PYWREX’ 


catalogue now 


available 


Latest edition of the famous indispensable ‘Pyrex’ 
Scientific and Laboratory Glassware catalogue, 

containing ten sections, listing over 1,000 different 
items of apparatus and equipment. Available now 


from James A. Jobling. 


‘Pyrex’ is the registered trade mark of James A. Jobling & Co. Ltd, 
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LABORATORY 
APPARATUS and MATERIALS 
EXHIBITION 
1962 


The outstanding success of the 1961 Laboratory 


Apparatus and Materials Exhibition was largely due 
to the great interest shown by readers of ‘Laboratory 
Practice.’ 


It gives us pleasure, therefore, to inform Laboratory 
Executives, well in advance, that the next presentation 
of this important exhibition will take place at: 


EXHIBITION HALL 


HARROGATE 
vin MAY L962 tam mar 
UTP EXHIBITIONS LTD., 9 Gough Square, Fleet Street, London E.C.4. 
Telephone: FLEet Street 3172 


LABORATORY PRACTICE OcToBER 1961 








7 


, Bie dead ~ 
Vas. ~ - 





Pe 
— 3 
en ;™~ 


JOHN MONCRIEFF LTD - PERTH - SCOTLAND 
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Graticules and Scales 


We offer a wide range of 
eyepiece graticules, scales and 
graduated circles, manufactured 
to a fine degree of sharpness 
and accuracy, 


We are also prepared to manufacture 
graticules and scales to individual 
specification, and will welcome all 


enquiries. 


Send for our leaflet CM.GRAT. for further 
nformation on our present range of grati 


cules 


COOKE, TROUGHTON & SIMMS a0 





PATHOLETTE 
MICROSCOPE 


for teaching and 
routine work 


A revolutionary design 
with many advantages 
C. BAKER INSTRUMENTS LTD. 


METRON WORKS - PURLEY WAY 
CROYDON «SURREY CROYDON 3845-8 
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NEW COULTER Model D gives 
routine Blood-cell Counting and 
Analysis an unequalled economy 
and reliability 


COULTER ELECTRONICS LTD. 


OcTOBER 1961 





The Coulter Model D is an 
entirely new, compact, low-priced 
version of the now world-famous 
Coulter Blood Cell Counter and 
Cell Analyser. It utilises the same 
basic system. Blood cells, in a fluid sus- 
pension, pass through a small aperture 
simultaneously with an electric current. 
Passage of the cells introduces impedance 
changes which are amplified and counted 
at a rate in excess of 5,000 per second. 





Optimum operating conditions for both 
red and white cell counts are determined 
by separate pre-set threshold controls, 
which, once set, can be selected by change- 
over switch. The complete instrument is 
contained in a single case with small aper- 
ture viewing microscope, and only the 
waste bottle is external. Simplicity and 
speed is such that even the most junior 
technician can deal with up to 60 sample 
counts per hour. 


2-4 ASHWELL STREET, ST. ALBANS, HERTFORDSHIRE 
TELEPHONE: ST. ALBANS 50828/9 


LABORATORY PRACTICE 











CARL 

ZEISS 
IMMERSION 
REFRACTOMETER 


<TARL 
ZEISS | 


Its special features 

include: Heatable prisms 
Flow through cell 

Ten interchangeable prisms 
Measuring range: 

N, = 1:3254 to Np>— 1-6470 
Ulitra-Thermostat N.B. 
control 0-01 C 


Full details on request 
of this and other 
Refractometers, 
Thermostats, 
Refrigeration Units, 
Spectrophotometers 
and Polarimeters from: 


qeohardt 


AND COMPANY LIMITED 


6 Cavendish Square, London, W.1 
Telephone: LANgham 6097 





laboratory ball mills 
} 





materials of 
f processing. Arranged 
bber bonded rolls in three 
a separate motor allowing al 


e operated. Each tier takes 


Write or telephone Crawley 25166 for List BM2510 


THE PASCALL ENGINEERING CO LTD 
GATWICK ROAD CRAWLEY - SUSSEX 
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Flectrothermal 


LABORATORY 
EQUIPMENT 





ELECTRIC MELTING POINT 
APPARATUS-—Series IA provides 
reproducible results of a known and 
constant accuracy 


EXTRACTION APPARATUS 
Series ME available with 3 or 6 recesses 
for various flask capacities 


MACRO-KJELDAHL UNIT 
Series MQ available with 2 or 6 recesses 
for various flask capacities 


MICRO-KJELDAHL UNIT 
6 recesses for flask capacities 18-50 ml. 


Literature sent on request 
Available from all Laboratory Supply Houses 


ELECTROTHERMAL ENGINEERING LID. ~ 


London, E.7 Telephone: GRAngewood 9911 Te/ex: 24176 


a 
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> DIFFUSION i hes 
=} PUMP : mt 38 


TYPE 
ODP 


MAGNETIC 
VALVE 


TYPE SV IIlustrated above is an automatic exhaust machine for TV 
Tubes, built for a European customer in collaboration with 
our parent Company, General Engineering (Radcliffe) Ltd 
ROTARY In addition to the standard range of Genevac components, 
VACUUM PUMP used extensively on this plant, we specialize in the design 
and manufacture of complete composite 
equipment to customers’ requirements. 


LONDON OFFICE 
TEL.: WATERLOO 2248 


Write for our comprehensive catalogue to : 
STANDARD 4 9 MIDLAND OFFICE 
cenevac_] GENEVAC LTD. ‘8's 
° 
SCOTTISH OFFICE 
ACCESSORIES Subsidiary of General Engineering Co. (Radcliffe) Ltd. TEL.: CALEDONIAN 5597 


PIONEER MILL * RADCLIFFE * MANCHESTER 
Telephone : Radcliffe 3041-2 





Perfectiy 
CLEAR? 


It was left to Chance to produce the first inter- 
changeable syringe with an absolutely clear, 
unground glass barrel. Think what this means: 
contents perfectly visible—every sterile sy- 
ringe not just clean but seen to be clean— 
and far longer life due to reduced friction 
and erosive wear on the unground barrel. 
The special Chance manufacturing process 
keeps clearances extremely fine. Any plunger 
fits any barrel—even after years of use. This 
means easy replacement at low cost. 

Sizes available: 1, 2, 5, 10 and 20 ml. 

Ask us to send you full particulars. 


[hance THE CLEAR BARREL INTERCHANGEABLE SYRINGE 


Sale Distributors: 


SURGICAL EQUIPMENT SUPPLIES LTD. 
Westfield Road, Acton, London, W.3. Telephone: ACOrn 3212-3-4 
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‘“‘ESCOPLASTIC”’ TUBING 


Non-toxic, sterilizable in steam at 120°C., resistant to many chemicals, suitable for milk and 
other beverages and for various hospital, laboratory and industrial applications, made in the 
following grades of materials: 


“E.R.P.” Vinyl! Tubing, clear or translucent, flexible, made in standard sizes from 0-5 mm. 
to 40 mm. i.d. non-pyrogenic and non-toxic for blood transfusion. 


“H.R.S./S.” Semi-elastic clear or translucent Vinyl Tubing made in standard sizes from 
4:75 mm. to 40 mm. i.d., non-pyrogenic and non-toxic for blood transfusion. 


Bore Wall Price per yard 
5 mm. < 0-25 mm. 24d. 

‘0 mm. < 05 mm. - 

‘5 mm. < 05 mm. 

0 mm. < 0-35 mm. 34. 


“E.R.P.” 


Orders for the above mentioned sizes are accepted for not less than 100 yds. per size. 


mm. éd. 
mm. (35") 10d. 


“E.R.P.” (3-0 mm. 
140 mm. 


ow 


") 1s. 7d. 
") 1s. 9d. 


mm. ( 

mm. ( 

“E.R.P.” mm. (4° 4s. Od. 
and mm. (7") 2s. 3d. 

“H.R.S./S.” mm. ( 5s. Od. 

mm. (+:") 3s. Od. 

mm. (4" 5s. 8d. 


Ww @ Ww @ 
NONANAAR Wo 


Standard sizes from 12:7 mm. (4”) i.d. to 40 mm. (13") i.d. at 15/- per Ib. 
All dimensions are subject to our standard manufacturing tolerance. 
Quantity discounts for sizes from 3 mm. to 9-5 mm. i.d. 


1,000 yards per size less 25°, or 250 yards per size less 10°, 
or 500 yards per size less 15°, or 100 yards per size less 5°, 


Orders accepted value £1 or over. 

Special quotations for quantities over 1,000 yards per size will be supplied on request. 
Carriage paid in U.K. for orders value £10 and over. 

All prices subject to alteration without notice. 

All orders are accepted subject to our ability to supply. 


ESCO (RUBBER) LTD. 


Manufacturers of Rubber, Silicone Rubber and Plastic Products 


34/36 SOMERFORD GROVE, LONDON, N.16 





OcTOBER 1961 LABORATORY PRACTICE 








Glassblowers Dieam come twe ee 37s 


THE 


ROTAJET 


® A quick change 
artist's dream 

® Large Small 
Large Small 
Large Small 
Numbered jet 
change 
Delectable 
Delicious 
Delightful 
Design 
Incomparably the 
simplest and best 


ROTAJET — YOUR WAY TO FLAME! Only £16 10s. 0d. san. 


needle valve model 





Glassblowers—YOU may try this super bench lamp—we have demonstration models 
You may have to wait ———————— butt it is worth it 








From the Silica workers 


Jencons (Scientific) Ltd., Mark Road - Hemel Hempstead - Herts. 
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For delivery pressures up to 
1200 p.s.i. and temperatures down to 
minus 35 C. Features include high volumetric 
efficiency, continuous operation without 
attention. 3 standard capacity ranges from 
0-250 Ib./hr., 0-1000 Ib./hr. and 0-2000 Ib./hr. 
Full information on OCL diaphragm pumps, end aiso DCL Piaphragm Pumps are also available for 
Bursting Discs and Metering Pumps, available on request metering or transfer duties 
in a wide range of capacities. TA 5908 


THE DISTILLERS COMPANY LIMITED GREAT BURGH, EPSOM, SURREY. Tel: Burgh Heath 3470 
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FOR 
COLORIMETRIC 
ANALYSIS 


Designed to provide an accurate, 
self-contained instrument combining 
the simplicity and convenience required 
for routine colorimetry with the extra 
versatility and high performance needed 


for research 


Amongst the diversity of applications for which it is suited in a wide field of industrial analysis we 


include the following as a representative selection 


AGRICULTURE WATER & SEWAGE TREATMENT 


Measurement of trace elements in soils Trace determinations chlorine and chloride contro! 
plants, etc 


METAL & CERAMICS 
—— ocniae enainatn Analysis of metal alloys, silicate materials 
_— a Trace determinations, etc 


FOOD MANUFACTURE & BREWING 


Trace element estimation. Liquid colour INDUSTRIAL EDUCATION 
analysis and control. Wide range of colorimetric tests 


Further details and free demonstrations of this remarkable instrument are available from the manufacturers : 


EVANS ELECTROSELENIUM LTD 


SALES DIVISION : 94 ST. ANDREW’S WORKS, HALSTEAD, ESSEX 


Telephone: Halstead 2461 





SALES AND SERVICING AGENTS THROUGHOUT THE WORLD 
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This unique water still is in use in a number of research establish- 
ments and hospitals where water of the highest purity is essential. 


Price complete with heater and all electrical equipment 
230 volt (a.c. only) — £30, Os. Od. inclusive of carriage and 
packing in U.K. 

Obtainable ONLY from 
L. V. D. SCORAH, M.Sc. 
(Manufacturer of the ‘SCORAH’ Blowpipe). 
44, NORTHFIELD ROAD, KINGS NORTON, 
BIRMINGHAM, 30. Kings Norton 188 5 


The SCORAH Automatic Electric 
all glass WATER STILL (patented) 


Automatic. Can be left on without attention. Heater cur- 
rent cuts off if water supply is interrupted, or inadequate or 
forgotten. When receiver (5 litres capacity) is full, cur- 
rent cuts off. When distilled water is drawn from receiver, 
the still resumes operation until receiver is refilled. 


Purity. Electrostatically charged condenser droplets can 
pick up fumes, dust and air-borne organisms from the 
laboratory atmosphere. The design of the receiver vessel 
ensures absence of such contamination 


Efficiency. Heater of Scorah design and manufacture, con- 
sumption 1700 watts, output 2-4 litres per hour (the full 
theoretical yield). Cost 34d. per gallon at Id. per unit. 


Safety. The heating element is out of contact with the feed 
water thus eliminating danger from ‘live’ water supply 
or electrolytic effects or ‘burn out’. 


Assembly. No retort stands or clamps are required. The 
24” diameter ball joint gives a strainless set-up. Outlet 
cap on boiler for quick periodical drain-off of sediment. 
The still may be installed on a shelf or platform about 
1 ft. above bench level near a sink and enclosed in a trans- 
parent plastic cover to keep out dust. Phoenix heat- 
resisting glass. Interchangeable ground glass joints. 





Please write for price list to: 


17-19 RUSSELL STREET, MANCHESTER, 1. 


Telephone: Ardwick 3690 and 5880 





High Precision 


ORME SCIENTIFIC LIMITED 


Stopwatches 


SWISS 
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i/dea/ material 


will not contaminate: resists corrosive fluids: 
obviously ideal This new coupler—also developed 


by AEI—enabies PTFE tubing to 
Tr ‘ ’ . ; be joined so that only inert and 
— , 3 > — ve > 7h — 
This new pump by AEI has not just some of its ‘wet’ parts of PTFE. . . bi al grat memes torment 5 = 


all of them! And so—PTFE being chemically inert and impervious to exposed to fluids flowing in the 
: “ . tubes. When used with tubing 
corrosive action—the pump is particularly suitable for corrosive fluids in *belled’ ends, there is no 
chemical and industrial processes; and for fluids which must be protected restriction in the flow system 
from contamination. ae 
* Pump delivery at 1 ft head is 2 litres per minute ; at maximum working head temperatures (¢.g. 100 ¢ 
of 15 ft is 1.25 litres per minute, using }“ bore PTFE pipes R * Five sizes—t, }, 8, 2 and j in 
* Diaphragm type, self priming * Neat, easy to assemble. 
* Temperature range: — 50°C to +250°C. 
* Overall dimensions of pump and motor: Length roin. Width § in. Height § in 


CAEI) Associated Electrical industries Ltd 
Radio and Electronic Components Division 


PD17, 155 Charing Cross Road, London W.C.2 
GERrard 9797 
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LABORATORY FURNISHING 
from original design to final fixing... 


For over 70 years we have been 
designing and fixing laboratory 
installations, including all ancillary 
services, waste and extraction systems, 
from simple school laboratories to 
complex Industrial Research 
installations. 
This long experience together with 
progressive methods and 
organization is available by ; 
contacting our planning department . Section of laboratory installed at 


Imperial Industries Limited, Billingham 
who will advise free of charge. 


THE NORTH OF ENGLAND Grams: Scholastic Tel: Darlington 2708 
(Tetelele] Mal -1 it-y-1), (emote mm haem DARLINGTON 


Voltage Regulating Transformers 





and Line Voltage Regulators 


from 250 - 580 VA Models 41 and 42 
%* Universal fixing centres 


Le 


* Choice of ganged or automatic models 


THE NEW MODELS 71, 72 from!.5to 2.5 KVA 
Self-aligning brush gear 


(PATENT PENDING) 
ale 


%* Umiversal fixing centres 


* Choice of ganged or automatic models 


Delivered from stock: 


Details available from:— 
THE BRITISH ELECTRIC RESISTANCE CO. Ltd. 
BE RCO Queensway - Enfield - Middlesex Telephone : HOWard 24/1 


Telegrams : Vitrohm, Enfield BR 136! 
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THE PUREST FUSED SILICA 


SPECTROSIL, synthetic fused silica, is readily available in the 
form of hollow ware, such as crucibles, basins and beakers, and 
optical components; tubing is supplied in a limited range of sizes. 
Synthetic fused silica extends the range of commercially available 
prism spectrophotometers down to 1850A. Lenses, prisms and 
windows are offered in SPECTROSIL ‘A’ and ‘B’ grades; both 
are intrinsically the same, in having the highest possible 
transmissions in the ultra-violet, but the ‘A’ material is checked 
against a rigorous optical specification for ultra-violet 
transmission, fluorescence and uniformity of refractive index. 
Both grades are free from bubbles and inclusions. 

Total metallic impurities are less than 0.2 parts per million. 


THE THERMAL SYNDICATE LTD. 


P.O. Box No. 6, WALLSEND, NORTHUMBERLAND Tel: Wallsend 62-3242/3 
LONDON: 9 BERKELEY STREET, W.1. Tel: Hyde Park 1711/2 
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AUTOMATIC MICROPIPETTES 


(CONSTRICTION PIPETTES) 


By H. E. Pederson of Copenhagen 


Sizes 


1 Microlitre up to 5,000 Microlitres Note Wide Range of Sizes 


A description of the pipette is found in 
“Techniques of Histo- and Cytochemistry” 
by David Glick, published 1949 by 


Interscience Publishers Inc., New York. 


F. Copley & Co. Wollaton Rd. Beeston Notts. 


Sole U.K. Agents for H. E. Pederson, Copenhagen 


STUDENT 


MICROSCOPE 


MODEL SA : Clip retention of eyepiece 


Adjustable safety stop : full specimen protection 


Fine adjustment position indicator 


PROTECTIVE 
FEATURES 
AT ee Knurled rim obviating objective handling 
WO EXTRA Large flush stage 

cosT 


Calibrated fine adjustment, with safety stops 


Steel limb 


Flanged, non-flexing stage bracket 


Demonstrations 
gladly arranged 


Choice of condenser fitting 


Catalogue 7 Rack and pinion focusing substage, with stops 


free on request 
Stable, protective foot, drilled for lamp fitting 


JAMES SWIFT & SON LTD. 113-115A CAMBERWELL ROAD, LONDON, S.E.5. RODney 5441 
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ISOTAPES...modern aid to modern industries 


These electric heating Tapes keep viscous 
materials flowing smoothly—with economy and 
complete safety. Under thermal lagging and 
using our Thermostats, running costs compare 
favourably with any other heating method. 


HEAT LOSSES PER FOOT RUN OF PIPES 


TEMP. ABOVE. | 
AMBIENT (AIR) | 


—+—+—-+ ey) 
for every application... 


you find the answer in our Catalogue : the required 
wattage loading for compensating duties is quickly 
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give you ‘PRECISION CONTROL’ of temperature and humidity 
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temperature and humidity to within +1°F and +1 
R.H. The Carlyle Unit is the result of years of specialised 
experience in all phases of atmosphere control involving 
application of air conditioning and refrigeration to 
industrial plants and processes. 


No une knows better than you that varying air tem- 
peratures and humidity can affect the properties of 
materials, and the accuracy of instruments and experi- 
mental results. These problems can be overcome by the 
installation of a Carlyle Laboratory Air Conditioner. 
This completely self-contained unit—specially designed 


Capacities from 29,000 to 80,000 Btu/hr 
Larger capacities are also available on special order. 
We shall be glad to co-operate with organisations in 
recommending the unit most suitable for their purpose. 
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EDITORIAL 


The Fifth International 


HIS was held in Moscow 
Biochemistry Congress T 


in August. A full scientific 
report will appear in our 
November issue but in view of the interest attaching to 
a congress held in U.S.S.R. we take the opportunity to 
record our impressions of the congress generally and of 
Leningrad and Moscow in particular. It is obviously 
absurd to attempt to record impressions of a vast 
country on the basis of a few days spent in its two 
largest cities. 


Of the organization of the Congress itself we have 
nothing but the highest praise. It was held in the new 
University building on Lenin Hills and most efficiently 
run. Directions for reaching the various lecture theatres 
were liberally displayed, and for a congress involving 
some 5,000 participants this alone was no mean feat. 
The University was truly a majestic building nearly 
800 feet high and with other dimensions in keeping. 

The departments of Chemistry, Physics, and Biology 
and Soil Science were huge buildings in themselves; one 
got quite a lot of exercise in going from one theatre to 
another. The shuttle bus service from the hotels to the 
University was most efficient and every effort was 
made to help members of the Congress in getting 
about, few of whom spoke Russian. Abstracts of nearly 
6,000 communications were available in one volume 
issued beforehand to all members, a most useful 
assistance. Unfortunately many of these were in 
Russian, and so were useless to most of us. 


Moscow has many new buildings, mostly blocks of 


flats. There are a number of gigantic buildings—public 
offices, hotels and universities—favouring what we 
should call the ‘wedding cake’ type of architecture. 
Marble is used considerably for the interior, which 
gives an atmosphere of grandeur. 

The new Metro is likewise plentifully decorated in 
marble for the halls and corridors. The electric trains 
themselves are as modern and efficient as any we have 
seen, and the photocell controlled turn-styles for 
passengers strike a new note in city transport. The 
Moscow-Volga canal is also a magnificent achievement, 
and in engineering and public works the Russians are 
clearly unsurpassed. 

The visitor will appreciate the fine rooms in the good 
hotels, and the services of the Intourist guides, who are 
mostly young women graduates who speak very good 
English. The conducted tours are well run 


However, not all impressions of Russian life were as 
favourable as those so far mentioned. It is perhaps not 
fair to criticize the food because this is obviously a 
matter of national taste. We are accustomed to more 
variety in all courses, and we like hot dishes to be really 
hot. The worst aspect of dining in U.S.S.R. is unquestion- 
ably the service which is unbelievably bad. It may take 
anything up to two hours to get a simple type of meal. 
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There seems to be no head waiter or manager available 
to receive complaints, but as most visitors cannot 
speak Russian it would be difficult to complain. The 
waiters are completely indifferent to the diners; perhaps 
the absence of tipping is a factor to be considered 

All arrangements for visitors are in the hands of 
Intourist, and are highly centralized. The guides and 
receptionists are very pleasant and helpful, but it is 
difficult to find out what arrangements have been 
made. One just arrives and waits until at last some 
definite information is forthcoming. The guides cannot 
do anything without information and _ instructions. 
Efforts to find out are only rewarded at the latest 
possible moment; “Come back later’ or ‘Ask again 
tomorrow’ is the answer that all tourists get as they 
queue to find out where and when they are to go 
Coupled with this system is their practice of taking all 
documents and passports from the tourist on arrival, 
and only issuing the new documents at the latest 
possible moment. It is not surprising that those 
accustomed to having all travel details firmly fixed in 
advance develop a slight anxiety neurosis before the 
trip ends. 

Unless one has previously established personal 
contact with Russian scientists in one’s own field, it is 
hopeless to try and meet them for informal discussion 
Everything has to be done through Intourist, and the 
process is so slow that one has left the country before 
hearing anything. The post is likewise hopelessly slow 
It is incidentally notorious that letters to scientists in 
Iron Curtain countries are only rarely answered 


From the little contact we had with Soviet citizens 
we formed the impression that fundamentally they are 
most willing to be friendly and helpful; it is the 
machinery which makes intercourse difficult. A much 
freer exchange of ideas and visits between our two 
countries is greatly to be desired. More visitors would 
be attracted to Russia if the hotel service were im- 
proved, and the general communication system speeded 
up. British scientists should be able to visit their 
opposite numbers in Moscow and elsewhere with much 
greater ease, and postal communication should be 
speedy and unrestricted. Both countries have much to 
learn from each other. 

We have already expressed the opinion that inter- 
national congresses are now so unwieldy that entirely 
new thinking is needed. Small informal symposia for 
which a few scientists from a number of countries 
could congregate in various countries in turn, would 
in our view afford those opportunities for friendly 
discussion for which the present gigantic congress is 
quite unsuited. The proceedings of this Congress are to 
be published at a cost of about £70. Even if this 
scientific information were not published elsewhere, 
this seems a high price for papers given at one congress, 
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EXHIBITION LECTURES—SERIES II—BIOLOGICAL 


THE BIOLOGICAL ASSAY OF INSECTICIDES 


by James R. Busvine, D.Sc., M.1.Biol. 
London School of Hygiene and Tropical Medicine 


General Principles 


The biological assay of insecticides covers a wide 
field, ranging from ingenious ways of treating individual 
insects in the laboratory to field trials which may cover 
large areas of country. A great variety of test methods 
is involved, partly owing to the big differences in scale 
just mentioned, but also because of the different 
requirements of insecticides acting as stomach poisons, 
contact poisons or fumigants. In addition to this 
necessarily wide range of test methods, the subject has 
been complicated in the past by the rather anarchic 
disposition of some investigators who seemed to find it 
discreditable to use a test method invented by anyone 
else. Consequently, much research time was spent 
devising new apparatus, without any specially new 
principles, and the literature abounds in trivial varia- 
tions of some techniques. However, it is now beginning 
to be appreciated that there are considerable advantages 
in the general adoption of standard test methods. These 
allow the results of one worker to be compared directly 
with those of another. The importance of this grows 
with the increased use of insecticides and the emergence 
of international problems, such as aircraft disinsection 
and insecticide resistance. Insecticide testing has been 
somewhat systematized in recent years by the appear- 
ance of text-books on the subject. There is a British 
monograph (Busvine, 1957) and a symposium published 
in the U.S.A., of which two volumes have appeared 
(Shepard, 1958, 1960) 

In devising or in choosing a suitable test method, the 
object of the experiment must be borne in mind 
Biological testing of insecticides is usually done for one 
of the following reasons 


(i) The discovery and development of new insecticides 
This type of investigation has been proceeding on a 
considerable scale for some 25 years in the laboratories 
of several large chemical firms as well as government 
research stations in various parts of the world. It must 
be admitted that much of the work is empirical so that 
the first stage consists in screening large numbers of 
miscellaneous organic compounds. In the first place 
simple, rather crude tests can be used, which consist of 
exposing different types of insects to high concentra- 
tions of the samples. Diverse insect types are used to 
avoid possible bias due to specific susceptibility. The 
species commonly used are those easy to rear in the 
laboratory, e.g. stored product beetles (grain weevil, 
flour beetle), housefly, bed bug, yellow fever mosquito. 

The more promising samples selected in this way are 
subjected to more careful evaluation and then to small 
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scale trials under conditions simulating, to some 
extent, practical usage. The final testing requires large 
field trials and the whole process of discovering and 
completely developing a new insecticide is surprising] 
expensive. 

(ii) Measurement of insecticide residues by bioassa\ 
In experiments of this type, the insects are used as a 
tool to measure minute quantities of insecticide. The 
object may be to assess the actual insecticidal powers of 
residues in the field (e.g. the World Health Organization 
(W.H.O.) test for mosquito-killing powers of walls in 
sprayed dwellings). Alternatively the insects may be 
used instead of chemical estimation, to detect residues 
on treated food (e.g. fruit) which may be harmful to 
man. The advantage of using insects for this purpose is 
that they are practically as sensitive as chemical tests 
and they usually react only to the toxic materia! 
Their disadvantage is their greater variability compared 
with chemical reagents 

The present status of residue estimation by bioassay 
was helpfully reviewed by Needham (1960) who visited 
a number of laboratories in Europe and reported on 
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the methods in use. These generally belong to one of 
the following types: 

(a) direct methods, in which the test organisms are 
confined over a pulp of the residue-containing material ; 
(6) film methods, in which the test organism is exposed 
to the residue after evaporation of a solvent which has 
been used to extract it from the sample; and (c) aqueous 
methods, in which the residue is extracted from the 
sample and then added to water containing an aquatic 
test organism. 

As regards the test organism, an important requisite 
is that it can be reared conveniently and rapidly in the 
laboratory. For test methods (a) and (4) just mentioned, 
the fruit fly, Drosophila melanogaster, is a common 
choice; ordinary houseflies can also be used. For 
method (c) the larvae of the mosquito Aedes aegypti 
are convenient; alternatives are the water flea, Daphnia 
Spp., or certain fish, such as guppies (Lebistes reticu- 
latus). 

Bioassay is generally regarded as a rapid and con- 
venient method but it does not satisfactorily replace 
chemical analysis of residues in all respects. 

(iii) Detection and Measurement of Insecticide 
Resistance.—The widespread emergence of strains of 
insects resistant to modern insecticides has called for 
standard testing methods to detect and confirm their 
presence. Such tests are normally designed for use in 
the field, but require a fair standard of precision to be 
useful. A number of standard tests for resistance in 
pests of medical importance have been adopted for 
international use by the Expert Committee on Insecti- 
cides of the World Health Organization (W.H.O. 1960). 
Tests were first devised for the more important disease 
vectors, ¢.g. human lice, adult and larval mosquitoes. 
These have been widely used during the past few years. 
Other tests are in process of adoption for fleas, bed 
bugs, houseflies, sandflies and certain other insects. 

These three objectives differ in their requirements of 
the balance to be struck between (a) strictly standard- 
ized (and therefore probably artificial) ‘conditions, 
allowing exact and repeatable tests, and (5) conditions 
which simulate the field environment, permitting some 
prediction of the practical performance of an insecticide. 
Type (a) conditions are suitable for bioassay and 
resistance tests; whereas type (b) must be given priority 
at some stage in the development of new insecticides. 

The standardization of bioassay tests involves not 
only the usual attention to chemical and physical 
aspects of the experiment, but also the use of insects 
in a consistent and reliable state. This is not easy, 
because insects are very plastic physiologically and are 
very sensitive to changes in temperature and nutrition. 
They are, indeed, easy to rear and some workers 
attempt to make up for their variability by the use of 
large numbers; but this is not a very satisfactory 
solution. 

The difficulty in ensuring exact standardization of 
the insect material is unfortunate, not only on its own 
account but also because it sometimes induces a 
generally uncritical outlook. As a certain amount of 
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‘biological variability’ is expected the experimenter 
feels absolved from attempting physical precision. It is 
especially unfortunate if this attitude prevents an 
intelligent study of all the mechanical, physical and 
chemical aspects of the test. This point will be illustrated 
in the next section. 


Description of some Testing Methods 
This article deals only with contact insecticides, 
because they seem to be increasingly important; and 
with insects of public health importance, as the writer 
is most familiar with these. 
Laboratory tests.—The potency of an insecticide can 
be measured by the doses required to kill various 
insects or the time required to kill them after a standard 
dose. For various reasons it is usually more convenient 
to make comparisons on the basis of dosage rather 
than speed of action. Accordingly the common practice 
is to apply various doses to batches of insects and inspect 
them at some later period to determine what proportion 
has been killed. Curiously enough this is not always 
easy, because death in insects is often less clear cut than 
in higher animals. Some robust insects (beetles, 
cockroaches) can remain paralysed for long periods 
without being evidently dead or alive. Accordingly it 
may be necessary to specify a particular level of 
intoxication (which should normally terminate in death) 
and use this to categorize the treated batch 

The next problem is that of dosage. Because insects 
are so small it is by no means easy to give them 
measured doses individually, as would be done with a 
larger experimental animal. Consequently one method 
of standard treatment is to make the insects ‘dose 
themselves’ by putting them into environments treated 
with various concentrations of poison, for :imited 
periods. We shall consider some examples of this 
method and then proceed to more precise experimental 
methods in which attempts are made to dose individuals 
or groups of insects. 


Methods in which the Insects dose Themselves 
Surfaces.—Crawling insects can be confined on surfaces 
treated in various ways. In the W.H.O. test for resistance 
in body lice, the insects are confined for 24 hours on 
cloth which has been treated with powder insecticides 
at different rates. Several test methods involve confining 
insects of various types on residues of insecticides left 
after evaporation of acetone solutions Such residues 
may be deposited on glass, filter paper, etc. Later it 
was recognized that such dry crystalline deposits were 
very variable and difficult to duplicate. More reliable 
results have been obtained by dissolving the insecticides 
in a non-volatile oil and depositing a fine film of these 
oil solutions on filter paper or glass (Busvine/ Nash 
test and W.H.O. test for resistance in mosquitoes, 
Fig. 1). 
Volumes. 


Flying insects may be attacked by insecti- 
cides in the form of aerosols. A well-known test method 
for household insecticides is the Peet-Grady method, 
in which houseflies are confined in a 6 ft. cubic chamber 
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METHOD OF MEASURING RESISTANCE 


IN ADULT MOSQUITOES 


World Health Organization method of measuring 
resistance in adult mosquitoes. 


Fig. 1. 
into which aerosol is sprayed (Fig. 2). This test was 
originally designed to compare the efficacy of household 
insecticides. Apart from the final killing action, the 
speed of ‘knock down’ is also important; and this can 
be measured by the numbers paralysed at the end of 
10 minutes. 

Aquatic insects can be dosed by immersing them in 
suspensions of insecticide at different rates for a 
standard time; for example, the W.H.O. standard test 
method for resistance in mosquito larvae. 

General comments.—lt will be realized that in none 
of the methods mentioned do we know the actual dose 
of insecticide, which contaminates the individual 
insects. If one speaks of the rate of deposit or concentra- 
tion of aerosol or suspension as a ‘dose’, one must 
never forget the inverted commas, which indicate that 
the word is only an unknown function of the true dose, 
Also it should be remembered that the dose acquired 
may be affected by environmental and other conditions 
quite independently of the actual poisoning process. 
For example, an increase in temperature generally 
augments the ‘pick-up’ of insecticide in various tests, 
owing to increased activity, etc. But while a rise in 
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temperature®accentuates poisoning with some poisons, 
such as BHC or dieldrin, it decreases the effects of 
DDT. Therefore in tests where insects ‘dose themselves’ 
there is a strong temperature coefficient with most 
insecticides, but with DDT temperature affects pick-up 
and poisoning in different directions, so that the overall 
effect is negligible. 

Pick-up of insecticide is also important in aerosol 
tests. As pyrethrum stimulates the insects to fly, the 
pick-up of droplets is likely to be much bigger when 
pyrethrins are present in a mixed aerosol. 


Methods Attempting to give Known Doses 


As far as contact insecticides are concerned the first 
method which attempted to give known doses to 
insects was the spray tower. A variety of different 
spraying towers has been designed (Fig. 3) which 
permit either spraying directly at the insects or indirectly 
into a closed space to provide a mist which is then 
allowed to settle down on to the insects. In both 
methods the object is to cover the insects with a fine 
deposit, which is even over the treated surface, so that 
each gets the same dose. This can be calculated from 
the surface area 


More precise than the spray tower is the topical 
application syringe, of which there are several different 
types. One variety uses a smal! glass syringe operated 
by a micrometer screw. Another form uses capillary 
tubing drawn to a point, the dose applied being 
measured by movement of the meniscus along the 


tubing. The dose can be driven out by air pressurefor 


c 




















Fig. 2. The Peet-Grady chamber for testing aerosols against 
houseflies. A, extractor duct; B, light; C, holes for introducing 
spray; D, door; E, observation windows: F, vents. 
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Fig. 3. Spraying towers. A, Tattersfield and Morris; B, Potter; 
C, ten Houten and Kraak; D, McGovran and Mayer; E, 
McCallan and Wilcoxon; F, Way. Heights given in inches. 
a, spray gun; p, petri dish target; s, movable shield; g, wire 
mesh target; e, exit duct for mist; v, valve; d, drawer target. 





the liquid simply allowed to flow out over the insect 
on contact. 

A somewhat more elaborate method of dosing 
developed by P. S. Hewlett is a drop-shooting apparatus 
Very tiny quantities of liquid expelled from a fine 
hypodermic syringe needle are shot off by a controlled 
jet of air, on to an insect placed on the target. (Fig. 4). 
General Comments.—The method of individual dosing 
gives more repeatable results than tests in which 
insects dose themselves. This fact has led to its in- 
creasing use for basic laboratory studies on insects as 
big as a housefly or larger. Although it is possible to 
use the technique with smaller insects (e.g. mosquitoes) 
the difficulties of applying the very small quantities 
necessary becomes a serious limitation. 

Two other matters require comment. Some form of 
anaesthesia is required (usually) to facilitate handling 
of the insects during treatment. Carbon dioxide is 
commonly used. Finally it is worth remembering that 
the dose applied to the exterior of the insect is not the 
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ultimate toxic agent. Rate of penetration is an important 
factor and it has been shown that this varies according 
to the solvent used to carry the insecticide. Further, it 
cannot be assumed that penetration is directly pro- 
portional to the quantity applied except over a limited 
range 


Field Trials 

The principles governing the planning, conducting and 
interpreting of field trials are rather beyond the scope 
of this article, but a few general remarks may be of 
interest 


Planning.—\t is readily apparent that large field trials 
are very expensive. Less obvious is the fact that, despite 
the simplicity of the mechanical operations involved, 
they are usually more difficult to complete successfully 
than laboratory investigations. Careful planning to 
ensure adequate replication of treated and control 
areas is essential, otherwise a lot of hard and expensive 
work will end in inconclusive results 


Interpretation.—Very often the results of field trials will 
depend on assessments of insect populations before and 
after treatment or in treated and untreated areas. This 
is a difficult technical problem involving a considerable 
knowledge of the biology of the insect concerned 
Control programmes often bring to light the rudimen- 
tary nature of our quantitative knowledge of common 
insect pests 


hhh 
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/ 
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Fig. 4. Micro-drop shooter (after Hewlett). A, disc attached 

to reduction gear; B, micrometer handle; C, glass syringe; 

D, ‘jet needle’; E, tube supplying air surge; F, lights focusing 

pointers on target; Left: Jet needle section: X, liquid entry; 
Y. air surge entry. 
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Statistical Aspects of Laboratory Testing of Insecticides 
The quantitative aspect of toxicological assay can 
involve quite elaborate statistical treatment and there 
is at least one good text-book on the subject (Finney, 
1952). All that will be attempted here is to indicate 
cardinal relationship between dosage and mortality in 
the quantal response method, which is normally 
employed. The basic assumptions are that for each 
individual insect at any given moment there is a 
certain ‘lethal dose’ of poison which will just kill it; 
with lower doses it will survive and higher doses will 
be fatal. The second assumption is that, in a homo- 
geneous population of insects, these lethal doses will 
show a Statistically normal distribution because they 
are dependent on random variability. Finally the 
dosage must be expressed on a logarithmic scale 
conformity to the Weber-Fechner law of the response 
of biological material to stimuli. This is easier to accept 
if we consider that raising a dose from one unit to two 
cannot be comparable with raising it from one hundred 
and one to one hundred and two units, as when an 
arithmetic scale is used. 


Given these data we can determine the susceptibility 
levels of a population of insects to a given insecticide 
by treating batches of them at a series ‘of dosage levels 
and observ ing the proportions killed (quantal response). 
Fig. 5 will show that regular increments of dose (even 
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Fig. 5. Statistical basis of dose/kill relations, founded on the 
normal curve of distribution (ordinate) and logarithmic dosage 
intervals (abscissa). 


on a log. scale) will not kill the same proportions of the 


population, owing to the grouping of the majority 
round the mean. The figure shows how the ordinate 
scale must be distorted to divide the population into 
equal (10 per cent) proportions, as represented by the 
areas under the normal curve. Alternatively the per- 
centages can be converted to units based on the normal 
curve, so that | (‘probit’) unit equals the standard 
deviation. The mean is equated with 5 for convenience 
to avoid negative values. With both methods the 
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Fig. 6. Interpretation of modified dose/kill curves (on logarith- 

mic probability paper, as in Fig. 5) in terms of distribution 

curves. Left: the regression lines; right: the corresponding 

curves; above: homogeneous populations; be/ow.: examples of 
mixed populations. 


results of the tests with batches of insects can be plotted 
against (log.) dosage to give a straight line. The 50 per 
cent mortality value, representing mean of the popula- 
tion, is the point of greatest reliability and is normally 
used for basic toxicological studies. Statistical methods 
are available for calculating the exact position of a 
dose/kill regression line, its standard deviation and 
fiducial limits, but for many purposes a simple graphical 
solution is adequate 


Fig. 6 illustrates some of the implications of parti- 
cular types of dosage/mortality curve. Straight lines 
correspond to normal populations. The steeper they 
are (the smaller the standard deviation) the less variation 
is displayed by the population 


Curved or bent lines are produced by mixed popula- 
tions such as may occur with incipient insecticide 
resistance. The lower figures show how asymetrical or 
bimodal population distributions will be reflected in 
dosage/mortality regression lines 
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RHEOLOGICAL TECHNIQUES 


The November issue of Laboratory Practice will 
contain the papers read at the meeting of the 
British Society of Rheology. 
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THE ELECTRON MICROSCOPE IN STUDIES ON 
PROTEIN SYNTHESIS 


by P. N. Campbell, D.Sc. 


Courtauld Institute of Biochemistry, The Middlesex Hospital Medical School, London, W.\ 


HILE my predominant interest is biochemistry 

and not electron microscopy I believe that 
collaboration between biochemists and electron micro- 
scopists can be very fruitful. The field of protein 
biosynthesis* is a very good example of the way in 
which these two groups of workers can work together 
to increase our understanding of the way living cells 
synthesize these complex molecules. First, however, it 
is necessary to consider briefly the salient features of 
protein structure. 


Protein Structure 
Proteins contain a wide variety of organic molecules 
amino acids, carbohydrates, nucleic acids, lipids, etc. 
but so far as protein synthesis is concerned attention 
has been directed mainly to the amino acids. The 
amino acids are linked together by peptide bonds to 
form the polypeptide chains which are the backbone of 
the protein molecules. These chains may be arranged in 
three dimensions in different ways giving the molecules 
a very wide range of properties. The molecular weights 
of the proteins vary from 6,000 for insulin up to many 
hundreds of thousand (e.g. thyroglobulin, 600,000). 
Their physical properties may be similar to those of 
the soluble globular plasma proteins or they may be 
insoluble and fibrous, as are the hair or feather proteins. 
The amino acids of the polypeptide chains are of 20 
different kinds. For the purposes of illustration the 
amino acid sequence of the polypeptide chains of 
insulin may be considered (Fig. 1). This sequence was 
the first to be determined for a protein and was the 


*The reader is referred to a recent review in which some aspects of the 
work described are dealt with in greater detail 
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work of F. Sanger of Cambridge University?. Insulin 
contains two polypeptide chains which are linked 
through S-S bridges, a common way of linking chains 
in proteins. The different amino acids are denoted in 
Fig. | by the now usual abbreviations, which consist 
of the first three letters of the full name (gly glycine, 
etc.). The sequence in which the amino acids occur is 
quite specific for a given protein. Thus all the molecules 
of horse insulin have exactly the same sequence but 
differ in the position of one amino acid from those of 
whale insulin. 

Recently much effort has been devoted to the deter- 
mination of the amino acid sequence of proteins. Thus 
the complete sequence of ribonuclease is now known 
and good progress has been made with haemoglobin. 
In the latter case Ingram has shown? that the haemo- 
globin present in the red blood cells of South African 
negroes with sickle-cell anaemia, differs from normal 
haemoglobin by a difference of only one amino acid 
in a chain of nearly 300 amino acid residues. These 
findings emphasize the precise structure of proteins. 


Relationship between Cell Type and Protein Synthesis 
The proteins synthesized by the cells forming the 
different tissues of the body are characteristic of the 
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Fig. 2. Survey picture of part of a parenchymatous rat liver cell. The nucleus lies in the left of the field and a short stretch 
of the cell membrane in the bottom right hand corner. The cytoplasm is filled with several stacks of rough surfaced cisternae 


of the endoplasmic reticulum in parallel array together with numerous mitochondria. Microbodies with dense excentric 
nucleoides can also be seen as well as smaller dense lysozomes. x 10,000. (Electron micrograph by courtesy of M 


Epstein & R. M. Hicks, Bland Sutton Institute of Pathology, The Middlesex Hospital Medical School) 


particular tissue. Thus pancreatic cells synthesize 
insulin, ribonuclease and many enzymes, such as 
trypsin and chymotrypsin, which catalyze the break- 
down of proteins. The cells of the mammary gland 
synthesize the milk proteins such as casein and 
-lactoglobulin, and the liver cells the plasma proteins 
apart from y-globulin. Thus each particular type of cell 
is capable of synthesizing a protein with a specific 
structure. The ultimate objective is to find out how this 
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is done; the first step being to determine where within 
the cell the activity is centred. 


Intracellular Structure 

Our knowledge of the fine structure of the cell had to 
await the development of the electron microscope. The 
reason for this is that the limit of resolution of the 
light microscope is 200 my (1 my 1 millionth of a 
mm.) whereas that of the electron microscope is | my 
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Even then special methods of preparing ultra-thin 
sections had to be devised. Much of the interpretation 
in terms of cell morphology of the electron micrographs 
obtained has been due to G. E. Palade at the Rocke- 
feller Institute, New York. 

In Fig. 2 is shown an electron micrograph of a 
parenchymatous liver cell. The cell, which is surrounded 
by the cell membrane, consists of two parts, the 
nucleus and the cytoplasm. In the nucleus can be seen 
in some sections, but not in this figure, the nucleolus. 
The cytoplasm contains many structures. The largest 
particles are the mitochondria which can usually be 
recognized by the characteristic folding of the inner 
membrane to form cristae. As this is a liver cell one 
may also observe glycogen granules, these being the 
form in which carbohydrate is stored in the liver. Other 
structures are the micro bodies which contain enzymes 
such as catalase and the lysozomes which were 
first described by the Belgian biochemist C. de Duve4. 
Particular attention must, however, be paid to the 
so-called endoplasmic reticulum which occupies most 
of the space in the cytoplasm. We shall return to this 
later. 

The general plan which has arisen of the division of 
labour in the cell is as follows. The information con- 
cerning the exact amino acid sequence of the proteins 
synthesized is possessed by the genetic material which 
is deoxyribonucleic acid (DNA). The DNA of the cell 
is confined to the nucleus. Although some protein is 
synthesized in the nucleus most of it is synthesized in 
the cytoplasm. There must therefore be a link between 
the DNA of the nucleus and the cytoplasm. The 
ribonucleic acid (RNA) of the cell fulfills this function. 
Although most of the RNA is confined to the cytoplasm 
some is found in the nucleus, especially in the nucleolus. 
The scheme therefore is that the DNA passes on its 
information to the RNA in the nucleolus. This RNA 
then finds its way into the cytoplasm where it serves as 
a template for the synthesis of protein. 

The problem is narrowed therefore to the site of 
synthesis of protein among the morphological constitu- 
ents of the cytoplasm. Although the mitochondria have 
the ability to synthesize protein their chief function in 
the cell is probably to serve as the power house for the 
formation of high energy phosphate bonds which are 
the currency of energy for all the synthetic activity of 
the cell. It is therefore among the non-mitochondrial 
constituents of the cytoplasm that attention is con- 
centrated. 


Occurrence of the Endoplasmic Reticulum 

In Fig. 3 is seen a higher power magnification of an 
electron micrograph of the cytoplasm of the liver cell. 
This shows that between the mitochondria is to be 
found the endoplasmic reticulum (as seen in Fig. 2) 
but it is now clear that the outer surface of the reticulum 
is covered with electron-dense particles. Such particles 
also occur in the spaces between the reticulum. This 
particular form of endoplasmic reticulum is called 
‘rough’ because of the presence of the particles. Other 
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reticulum is found in the cell without particles and this 
is said to be ‘smooth’ (e.g. Golgi apparatus). 

If a survey is made of the fine structure of a wide 
variety of cell types rough endoplasmic reticulum of 
the kind just described is often found. The apocrine 
cells of the pancreas of the guinea-pig are a particularly 
good example of this. There are, however, some cells 
that are relatively free from reticulum but nevertheless 
possess electron-dense particles. 

Before the reason underlying the distribution of the 
rough endoplasmic reticulum among cell types can be 
understood, it is necessary to consider the nature of 
the protein being synthesized in any particular cell 
All enzymes are proteins and for the functions of the 
cell a good supply of such protein must be available 
Moreover tissues grow and protein is required for 
such growth. Hence much of the protein synthesized by 
a cell is required for internal purposes. 

In contrast, some cells synthesize protein which is to 
be used by other parts of the body or by the young. 
Thus the mammary gland is synthesizing protein 
required in the milk and much of the effort of the liver 
must be directed to the synthesis of the plasma proteins, 
of which serum albumin is the major constituent. Such 
proteins are made for export from the cell. In general 
it is found that in cells in which, among their various 
activities, the synthesis of protein for export is 
important, there is to be found much rough endo- 
plasmic reticulum. In other cells such as the reticulo- 
cytes, which synthesize haemoglobin but do not export 
it, or tumour cells which are growing but not exporting 
protein, there is relatively little rough endoplasmic 
reticulum. 

It follows then that from morphological evidence the 
rough endoplasmic reticulum would be expected to 
play a key role in protein synthesis. It is necessary now 
to see whether the biochemical evidence supports this 
contention. 


Biochemical Approach 

One of the aims of the biochemist is to explain in terms 
of chemistry how proteins are synthesized by living 
tissues. In order to do this it would be a great advantage 
if a mixture of soluble substances could be found, 
which, when incubated together, synthesized protein 
The reason for the search for soluble substances is that 
only in this case is it likely that the substances involved 
will be capable of being chemically characterized. Such 
an objective is not yet within sight of achievement so 
that the aim is at present more limited. This is to obtain 
from the cell morphological components which, when 
incubated outside the cell, will synthesize protein 
Such morphological components should, of course, be 
as simple in structure as possible. Considerable progress 
towards this objective has been made. 

The study of protein synthesis by isolated intra- 
cellular components not only helps in the understanding 
of the mechanism of protein synthesis in chemical 
terms, but also enables one to build up a picture of 
how the various components of the cell work together 
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Fig. 3. Electron micrograph of a parenchymatous liver cell. An array of nine elongated profiles (e;, eo) of the rough- 
surfaced variety and five mitochondrial profiles (m) in the cytoplasm of a parenchymatous rat liver cell. The elongated 
profiles are disposed parallel to one another at more or less regular intervals. In three dimensions the array corresponds to 
a pile of vesicles. The outside surface of the membrane limiting these profiles bears numerous attached particles of small 


size and high density. A few similar particles appear freely scattered in the intervening cytoplasm. The arrows indicate 
continuity between rough-surfaced and smooth-surfaced profiles. x 49,000. (Electron micrograph by courtesy of G 
Palade, Rockefeller Institute, 


first to synthesize protein and if necessary to export it 

The first problem is how to disrupt the cell and 
separate the morphological components. Many methods 
are available for this purpose, but the one selected is 
invariably that which in the particular circumstances 
will do least harm to the components once the cell 
membrane has been broken. With liver the method of 
choice is a ‘glass homogenizer’ in which a glass of 
Teflon pestle rotates in a glass mortar, the pestle being 
moved slowly up and down vertically. After such a 
process the “homogenate” must be fractionated to 
separate the components gain there are several 
methods of approach but the most common is to make 
use of differences in density by centrifuging at pro- 


gressively increasing speeds, or in media of different 


densities. This is illustrated in Fig. 4. There is no 
difficulty in obtaining the ‘nuclear’ and ‘mitochondrial’ 
fractions but the microsomal fraction is best obtained 
by the use of a preparative ultracentrifuge, for very 
high centrifugal forces are required. At all stages of the 
process it is necessary to keep the temperature neat 
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New York. ref. 6) 


to freezing point to preserve the integrity of the 


Structures 


Use of Radioactive Amino Acids 

Having obtained the different subcellular fractions it is 
necessary to determine which is most active with respect 
to protein synthesis. As proteins are such large and 
complex molecules it is difficult to demonstrate their 
synthesis and it is impossible to conceive how the 
subject could have advanced if it were not for the 
availability of radioactive amino These are 
usually ‘labelled’ with either carbon-14 (!4C), sulphur- 
35 (35S) or tritium (4H). If a protein is synthesized in 
the presence of a radioactive amino acid the protein 


acids 


will become radioactive 
If a rat be injected with 
different 


*C-amino acid and pieces 


of liver removed, at times after injection, 
homogenized and fractionated, then by determining the 
radioactivity of the protein in the different fractions it 
is possible to find out which fraction is most active in 


protein synthesis. Fig. 5 shows the results of such an 
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Fig. 4. Fractionation of subcellular particles. The units 

quoted as g min. represent the centrifugal force g multiplied 

by the number of minutes the material was submitted to this 
force. 


experiment from which it is seen that the microsome 
fraction is the most active. It was experiments such as 
this by Zamecnik and his colleagues* that directed 
attention to the microsome fraction. The next problem 
was to find out the nature of this fraction 

Chemical analysis showed that of all the fractions 
isolated by centrifugation the microsomes contained 
the highest ratio of ribonucleic acid to protein. This 
was interesting in view of the suspicion that ribonucleic 
acids played an important role in protein synthesis. 


Morphological Structure of the Microsome Fraction 
Our knowledge of the morphological structures that 
go to make up the microsome fraction has been derived 
mainly from the work of Palade and Siekevitz at the 
Rockefeller Institute, New York. They have shown 
that with rat liver® and guinea-pig pancreas’, in spite 
of the presence of a wide variety of components, the 
predominant structures present are pieces of the 
rough surfaced reticulum. This finding, of course, fits 
in with the previous observations leading to the 
conclusion that this component plays an important role 
in protein synthesis 


Activity of Isolated Components 

Zamecnik and Keller® first showed how to incubate the 
microsome fraction of rat liver with !'4C-amino acids 
and obtain radioactive protein. It is of interest to note 
that for this process to occur there had to be present 
some of the soluble cytoplasm, although this was itself 
inactive. In these experiments the incorporation of 
14C-amino acid into the mixture of protein-like 


698 


LABORATORY PRACTICE 


WHOLE LIVER 
el 
NUCLEI *CELLS7 








SUPERNATANT 


CPM. PER MG. PROTEIN 





MITOCHONDRIA 








40 60 60 


TIME IN MINUTES 
Fig. 5. Incorporation of ['4C] leucine into rat liver proteins. 
Time curve for the incorporation of {'+C] leucine into proteins 
of liver cell fractions in vivo. Liver samples, each approximately 
10 per cent of the total liver, were removed at 20 min. and 
1 hr. (ref. 5). 


substances, precipitated with an agent such as tri- 
chloroacetic acid, was studied. Each cell type is capable 
of the synthesis of a particular well-characterized 
protein, and so the question is asked whether the 
component of the liver cell represented by the micro- 
some fraction can synthesize serum albumin, because 
it is the synthesis of this protein which is particularly 
characteristic of the intact liver cell. We have studied 
this for some years and all the evidence that has been 
adduced is consistent with such a synthesis. The 
isolated microsome fraction from rat liver is therefore 
a most useful tool for the biochemist 
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Fig. 6. A diagrammatic representation of the effects of 
various treatments on the rough endoplasmic reticulum of 
rat liver. 
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Fig. 7. Electron micrograph of ribosomes from E. coli. The particles were negatively stained with phosphotungstic acid. 


Most of the particles show two unequal subunits. x 200,000. (E/ectron micrograph by courtesy of H. E 


Haxley, Biophysics 


Department, University College, London) 


Nature of the Rough Surfaced Endoplasmic Reticulum 
Palade and Siekevitz found that the membrane com- 
ponent of the rough endoplasmic reticulum present in 
the microsome fraction was osmotically sensitive. In 
our studies on the synthesis of serum albumin we found 
that the appearance of the microsome suspension could 
be markedly altered by the application of ultrasonic 
vibrations. For this purpose we used an ultrasonic drill 
(available from M.S.E. Ltd., Spenser Street, London, 
S.W.1). Associated with the clearing of the suspension 
was the release of a considerable quantity of serum 
albumin in a soluble form. We believe that the ultra- 
sonic vibrations disrupt the membranes and release 
their soluble constituents as shown in Fig. 6. 

While the isolation of fragments of the rough 
endoplasmic reticulum represents a step in the direction 
of morphological simplicity compared with the whole 
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cell it may be asked whether an even simpler system 
might not be devised. 

Two groups in America found some years ago that 
if the microsome suspension be treated with the bile 
acid, deoxycholic acid, there was a very marked 
clearing of the suspension. If however the apparently 
clear preparation be subjected to centrifugation for a 
long time a small pellet was obtained. Chemical 
analysis showed the material to contain approximately 
equal parts of ribonucleic acid and protein and hence 
it is said to consist of ribonucleoprotein 

When the ribonucleoprotein was examined under the 
electron microscope it was found to consist of smal! 
(about 15 my) electron dense particles which were 
approximately the same size as those attached to the 
rough endoplasmic reticulum. The conclusion was that 
the deoxycholate had broken up the membrane which, 
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at least in the liver, is rich in phospholipids leaving only 
the electron dense particles. Thus the particles in the 
reticulum are probably composed of ribonucleoprotein. 


Metabolic Activity of Ribonucleoprotein Particles 

When Zamecnik and his colleagues? did an experiment 
similar to that previously described in Fig. 5, but this 
time sub-fractionating the microsome pellet by the use 
of deoxycholate, evidence was obtained that the initial 
site of incorporation of '4C-amino acid in the intact 
liver was the ribonucleoprotein particles. It was only 
later that the radioactive protein passed to the mem- 
brane component of the endoplasmic reticulum. 

At that time (1955) experiments designed to obtain 
ribonucleoprotein particles which synthesized protein, 
when incubated, failed. However conditions have now 
been found under which the ribonucleoprotein particles 
will incorporate !4C-amino acid into protein. Moreover 
we now believe them to be capable of the synthesis of 
serum albumin. 

As mentioned previously the reticulocyte cell does 
not appear to contain rough surfaced endoplasmic 
reticulum, the electron dense particles occurring free in 
the cytoplasm. Such particles on isolation are also 
able to effect the synthesis of protein. Schweet and his 
colleagues'® have demonstrated the synthesis of 
haemoglobin by such particles. 


Ribonucleoprotein Particles from Bacteria 
Bacteria differ from most types of living cell in that 
they do not possess a clearly defined nucleus. It is how- 
ever possible to detect in them electron dense particles, 
although not attached to endoplasmic reticulum, and 
to isolate the particles after disrupting the cells 

Again it is found that the particles consist of ribo- 
nucleoprotein and they have therefore become known 
as ribosomes. The fine structure of the ribosomes from 
Escherichia coli has been studied by H. E. Huxley and 
G. Zubay'!. For this they have used the negative 
staining technique with phosphotungstic acid first 
described by C. E. Hall!. In this method the material 
is sprayed with phosphotungstic acid and then dried. 
As it dries the solution retracts from morphologically 
smooth areas but remains round the edge of the particles 
and in any grooves in the structure. The results obtained 
are shown in Fig. 7. This shows that the ribosomes are 
composed of two unequal parts 

Direct evidence of the role of the ribosomes in 
protein synthesis has been slow to obtain but recently 
such evidence has been forthcoming 


Conclusions 

Although the story is as yet incomplete the combined 
efforts of electron microscopists and biochemists have 
enabled them to present a working hypothesis of where 
proteins are synthesized and the structures involved in 
their export from the cell. The units which play the 
leading role appear to be the ribonucleoprotein particles 
which are to be found in virtually all living cells. Much 
effort is being devoted to the detailed study of exactly 
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how the amino acids are linked together by such 
particles. The biochemist now has a tool which is not 
too far short of his objective in terms of morphological 
simplicity. 

Although the work described on the synthesis of 
protein is probably the first and certainly the most 
dramatic fruit of the collaboration between _ bio- 
chemists and electron microscopists it is not unique. 
Thus studies are now in hand on glycogen synthesis, 
electron transport in mitochondria and the absorption 
of lipid through the wall of the intestine, to mention 
only a few. It is certain that we may expect many such 
developments in the near future 
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Fleming Memorial Fund 


The Trustees of the Fleming Memorial Fund for Medical 
Research announce that the Board will be considering the 
making of its first grants to assist basic medical research 
before the end of 1961 

Applications should be sent to 

The Secretary to the Trustees, 

The Fleming Memorial Fund for Medical Research, 

26 Upper Brook Street, 

London, W.1. 

The Fund was launched in March this year, together with 
its 1961 British and international appeal for money. The 
first Board of Trustees consists of Lord Heyworth (Chair- 
man), Sir Lindor Brown, Viscount Crookshank, Sir Henry 
Hancock, Sir Hans Krebs, Prof. P. B. Medawar and Lord 
Sinclair of Cleeve. Sir Charles Dodds is Chairman of the 
Fund's Scientific Advisory Committee 


The Fund exists to commemorate Sir Alexander Fleming, 
and his discovery of penicillin, by raising money to provide 
assistance for basic medical research anywhere in the world 
This assistance may be given by grants to universities, 
research institutions and others engaged in basic medical 
research, and by way of national and international fellow- 
ships tenable at universities and research institutions. Full 
details were contained in the special issue of Laborator) 
Practice devoted to the Fleming Memorial Fund (April, 
1961). 

The Trustees are empowered to administer both the 
capital and income of moneys raised and to seek advice 
wherever and whenever they feel it necessary in making 
grants, having particular though not exclusive regard for 
the needs of certain institutions which were concerned in 
the discovery and development of penicillin 

Contributions to the Fund already notified amount to a 
gross value of some £350,000, including covenanted dona- 
tions. Regional appeals are being organized in this country 
and overseas, in order substantially to increase this figure 
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RECENT ADVANCES 


IN 


FORENSIC SCIENCE 


by L. C. Nickolls 


Director, Metropolitan Police Laboratory, London, S 


Beer NSIC science is a comparatively recent science 
and is therefore advancing rapidly and continuously 
in all its branches. : 

It has been a hard and difficult task adapting past 
knowledge and experience to the needs of this new 
science. It has been an additional necessity that modern 
scientific discoveries must also be integrated into 
forensic science. | will endeavour to show how we are 
succeeding in the task 

As this lecture is being given in connection with an 
exhibition of instruments, | propose to confine my 
remarks largely to the impact of instrumentation on 
forensic science. 

In this respect, however, | should like to draw your 
attention to the remarks made by Dr. Chirnside in his 
Presidential Address to the Society for Analytical 
Chemistry, when he said that all science, especially 
quantitative science, depends on instruments. Modern 
instrumentation does not differ materially from the old 
in its scientific value—only in its cost. But just as the 
classical instruments, when first invented, opened new 
realms of scientific investigation, so modern instruments 
are doing the same at the present time. It is possible to 
make examinations and obtain results with modern 
instruments which were previously impossible and 
could not even be envisaged. 

In order to appreciate the position of instruments in 
forensic science, it is necessary to consider what is the 
work of a forensic science laboratory. It is the duty of 
the forensic scientist to examine any material recovered 
either by the police or by himself in connection with a 
crime which is regarded as having some bearing on the 
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crime and concerning which further information is 
required. This, of course, is a very wide duty embracing 
many different types of examination and it may be 
thought to be too wide to be encompassed. However, 
by good team work there are few problems which 
cannot be solved and which require outside help, 
although when such cases arise we always seek such 
assistance and receive great consideration, advice and 
help from our specialist colleagues on these occasions 

If we consider the work of the laboratory we find 
that it can be classified into two main groups, firstly 
examination of materials directly associated with a 
particular type of crime, such as for example blood- 
staining in crimes of violence, and secondly examination 
of materials which are associated with the scene of a 
crime or with the criminal. € oncerning the first group, 
fortunately the categories of crime committed are 
limited and criminals tend to commit them in similar 
manners. Accordingly we make identical examinations 
as a routine matter many times every year. With the 
second group, however, we are liable to encounter any 
substance which is found in use in the daily life of the 
community. It will be obvious that while it will be 
economic to purchase instruments to assist in the first 
group of examinations, it probably will not be economic 
to purchase specialized instruments to examine the 
varied and often only rarely received materials of the 
second group 

When considering whether an instrument, usually a 
very expensive instrument, should be purchased, the 
forensic scientist has to bear in mind a number of facts 
The most important factor in his work is accuracy and 
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certainty. Time and labour are secondary factors which 
must never affect the first. Because of this, classical 
methods of examination, when they can be employed, 
are normally used because of their established degree 
of accuracy and certainty of identification. It is only 
when other methods must be used to achieve our object 
that the need of instrumentation is considered. Science 
has progressed so fast of recent years, and the needs of 
the forensic scientist with it, that notwithstanding his 
adherence to classical methods he has been forced to 
make use increasingly of modern instrumentation. 
His only regret is that manufacturers do not make 
instruments for his especial needs because the demand 
for them is naturally very limited and the cost would 
probably be prohibitive 

Let us consider how the above considerations affect 
the work of the various departments. 


Biological Laboratory 

In this laboratory are examined all materials derived 
from living matter. This work is necessarily largely 
observational and has not been greatly affected by 
modern instrumentation. The work has been greatly 
assisted, however, by improvements in microscope 
design. The modern microscope is more stable in 
operation and has better definition than older models 
Although we rarely use powers as high as |/12th, speed 
and accuracy of work are greatly increased by this 
—— and definition. 

Comparison microscopes have not improved, for our 
purposes, to the same extent possibly because of 
difficulties of design and the small demand. The two 
main faults we find in the present instruments are that 
the lighting on both fields is rarely exact in brilliance 
and colour while the fields of view never seem as large 
as we would like. Much of the work in this laboratory 
owes its advancement to improvements in technique 
because instrumentation does not come into the work. 
For example, in crimes of violence, which are very 
common at present, blood staining is the most frequent 
material for examination. The examination of blood 
stains is entirely a question of techniques. For some 
blood examinations we use electrophoresis but the 
occasions for this are rare. For example, electrophoresis 
is used to separate the varieties of haemoglobin present 
in different races of human beings, and it can be used 
to identify foetal haemoglobin in foetal blood. The 
difference between adult and foetal haemoglobin on 
electrophoresis is not large. The two haemoglobins can 
be identified more simply by other means even in 
admixture. Adult haemoglobin is rapidly destroyed by 
dilute alkalis losing its pink colour and becoming pale 
greenish yellow. Foetal haemoglobin is much more 
resistant to destruction. The change can be plotted 
against time by measuring the transmittance of a 


NaOH solution in a spectrophotometer 


solution in 5, 
at 5,400 A, the wavelength of the « haemoglobin band 
(Fig. 1). 
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mpesilion OF Taemoagioon by i NaOH 
measured at 5,400 A’ 


— 
_——— 1, 


foctal hac rade mogiobin 


Extinction 


adult hacmogl obin 





ee 
' P 4 3 + $ 


Time (mins) 


Fig. 1. Graph showing the rapid decrease in absorption of 
normal blood in alkaline solution as compared with foetal 
blood. 


Chemical and Physico-chemical Laboratory 


It is this laboratory in which we have found modern 
instrumentation to be of most value and in which the 
bulk of our modern instruments is installed. Although 
we use these instruments, care must always be taken 
not to attribute to the results more information than 
is really conveyed. For example, the spectrophotometer 
is an established instrument in the laboratory. Some- 
times the results obtained give complete identification, 
sometimes they do not. The police use anthracene as a 
marker in certain circumstances and we get clothing 
and other articles submitted to us in order to identify 
anthracene on them. At times the amount of anthracene 
may be small and identification by classical methods is 
difficult or impossible. The U.V. spectrum of anthracene 
(Fig. 2) is not only unique but is very sensitive and by 
this means minute quantities of anthracene can be 
conclusively identified. On the other hand, barbiturates 
have a characteristic band at 240 A in alkaline solution 
and no band in acid solution (Fig. 3). This band can be 
used to determine the amount of barbiturate present 
but does not, in my opinion, identify :he material 
conclusively as a barbiturate. This should be done in 
some other manner. 


While the work of this laboratory is naturally very 
varied, quite a number of standard techniques are used 
and adapted to many different types of examination 
To illustrate what has been achieved by the application 
of modern methods, I will describe the normal routine 
search for a possible poison and we can see clearly 
how this has been revolutionized by modern instru- 
mentation. When a poison is suspected in the organs of 
a deceased person or an article of food, etc., it is 
necessary to identify some poisons individually but we 
can look for certain poisons as groups of similar 
chemical substances as follows: 
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Tick here if you would like a demonstration 


TELEPHONE: LANE END 396 





Fig. 2. U.V. Spectrum of anthracene. This spectrum shows the 
characteristic absorption bands of anthracene. 


ULV. Spectrum Anthracene 


(i) Metallic poisons.—\n former times these were 
sought by classical methods which were lengthy and 
not very delicate. Now we separate the metallic con- 
stituents by suitable methods and arc the residue on a 
quartz spectrograph Amounts of metals varying from 
0-1 to 10 mcg. depending on the metal can be positively 
identified, this being well below poisonous or even 
accidental amounts. (f ig. 4). Quantitative determination 
of any metal identified is still made by classical methods 

(ii) Organic poisons (acidic).—It must be borne in 
mind that the concentration of organic poison in fatal 
poisoning Cases in the organs rarely reaches 100 parts 
per million and may be a thousand times less than this, 
while in the case of sub-lethal doses very much smaller 


Extinction 


concentrations are encountered. The organic poisons 
are therefore extracted by solvents together with 
considerable amounts of extraneous matter The 
poison is extracted in acid solution to obtain the acid 
fraction which is normally aspirin or a_ barbiturate 
Aspirin is readily identified. The barbiturate is chroma- 
tographed (Fig. 5) and by this means a preliminary 








300 


wwe lant m 
identification is made. The concentration is determined 


U.V. absorption of Phenobarbitone Fig. 3. U.V. spectrum of phenobarbitone, showing an absorp- 
tion band in alkaline solution which is not present in acid 


-o—o alkaline solution. 


-* Re acid 


Fig. 4. ( Be/ow). Suspect murder by arsenic. Portion of the line 

spectra showing the sensitive lines of arsenic at 2,288, 2,349, 

2,369-70 and 2,456 A. The spectra in order from top to bottom 

are as follows: (1) Iron; (2) Arsenic control; (3) Reinsch test 

on liver arcing the copper foil; (4) Heavy metals precipitated 
from liver digest; (5) R. lL. powder. 
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Fig. 5. Chromatogram of certain of the barbiturates developed 
with cobalt nitrate and ammonia vapour, showing the varying 
R.F. values. 





by the acid/alkaline peak at 240 my in the U.\ 
spectrophotometer (Fig. 3) while final identification ts 
made wherever possible by the x-ray diffraction patter 


(Fig. 6) 


(111) Organic poisons (neutral) This is an increasing 


includes straight 


important class of potsons, which 


chain ureides such as carbromal, and they are somewha 
difficult to they 
' i 


Recently, however, we have devised a good method 
7) 


characterize if refuse to crystallize 


using reverse phase chromatography (Fig 

Not only are many of these substances very rece 
with little known about their chemistry but, in additx 
they are often not read 


their structure is such that 


identifiable 


(iv) Organic poisons (alkaline) The number of these 


poisons increases daily. The natural alkaloids are rare 
met in practice compared with the synthetic alkaloid 
antihistamines other alka 


Thus identification 


the tranquillizers, and 


drugs so commonly prescribed 
characterization are by no means a simple straight 
forward operation The presence of such a drug ts found 
This is confirmed 


with 


by standard chemical alkaloidal tests 


by chromatography, spraying the paper iodo 


Fig. 6. X-ray diffraction pattern of lethal dose of barbiturate recovered during routine examination of organs in an unexplained 
death. Top: Material recovered from organs; Bottom: Control phemitone. 
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Fig. 7. Reverse phase chromatogram of a series of neutral 


drugs developed by chlorination, followed by starch K.I. 
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platinic acid solution. It must be remembered that this 
only detects tertiary amines: ephedrine, benzedrene 
and caffeine for example have to be detected separately 
As these alkaloidal residues are rarely crystalline, the 
best methods of characterization are the U.V. absorp 
tion spectra and the I.R. spectra 

From what I have just described you will appreciate 
that the pre-wal forensic toxicologist coming into 
modern laboratory would find himself surrounded by a 
host of drugs completely unknown to him being 
examined by methods which would seem very quick 
though strange and using instruments of quite nove 
design and conception 
one of the many 
A combination 


of instrumental, classical and special methods adapted 


Toxicology is, however, only 


occupations of the chemical laboratory 
to our particular problems are often combined to 
obtain a result. When fluids have to be examined the 
vapour phase chromatograph iS a necessity. We find 
that identifications which were impossible, owing either 
to complexity or to smallness of sample, a few years 
ago can now be readily performed by the use of the 
vapour phase chromatograph 
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An example of the first type is shown in cases of 
larceny of petrol. It is necessary in such cases to show 
that a number of samples of petrol are identical This 
is an extremely difficult task when the normal methods 


are employed. By vapour phase 


of examination 
chromatography, however, a complete and accurate 
picture of the composition of the petrols can be quickly 


obtained 

An example of the second type is that of soap. For 
certain reasons it may be necessary to identify soap in 
small proportions in body fluids. Soap is normally a 
complex mixture of the sodium salts of higher fatty 
acids and it does not lend itself to accurate determina- 
tion. We have found that the fatty acids from not less 
than 10 mg. Of soap present in up to 20 mi. of blood, 
1.e. ‘OS per cent soap in solution, can be converted 
into the methyl esters and then separated and identified 
by vapour phase chromatography so accurately that 
the source of the soap can be discovered (Fig. 8) 


Special Laboratory 

In this laboratory are performed a number of examina- 
tions which are special to a forensic science laboratory 
and are rarely encountered elsewhere. These include 
the examination of firearms, bullets and cartridges, of 


scratch marks and instrument marks and footprints 














Fig. 8. V.P. chromatogram of methyl! esters of fatty acid 
fraction of body fluid, showing characteristic peaks due to 
soap fatty acids. 
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Fig. 9. Photograph showing comparison of screwdriver marks 
on lock compared with control. 7op: in its natural state; 


Bottom: after smoking with magnesium oxide. 


Naturally, there is little in the way of instrumentation 
to assist us in these fields. The comparison microscope 
is today essentially the same as it was before the war 
with the same defects as already described. The most 
notable advance has been an advance in technique of 
American origin This technique consists in exposing 
all scratch marks to the smoke of burning magnesium 
ribbon until a thin layer of oxide has been deposited 
on the surface. The resulting smoked scratch marks are 
and than the 


examine compare 


infinitely easier to 
original marks (1 ig. 9) 

These descriptions that I have given do not cover 
more than a few of the aspects of forensic science but 
they will show, I hope, that the forensic scientist is 
sciences and, wherever 


them for his 


aware of the advances of 


possible, endeavours to adapt own 


particular purposes 
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ARTICLES 


THE FUNDAMENTAL ASPECTS OF GAS CHROMATOGRAPHY 
by M. A. Khan, B.Sc. (Pb), M.Sc. (Alig.), Ph.D. (Cantab.) 


‘Shell’ Research Limited, 

PART Il 

N Part |, we outlined the theory which describes the 
behaviour of a single chromatographic band during 
the course of its development. For linear distribution 
that the band 
travels through the column with a constant width and 


isotherms, we derived from the theory 
speed. In other words, the band moves with sharply 
defined front and rear boundaries, does not broaden on 
its way down the column, and hence the shape of the 
elution curve* is rectangular For non-linear tsotherms, 
however, the situation was shown to be relatively 
complex. It was proved that if the tsotherm ts concave 
to the concentration axis (c-axis) so that the distribution 
( fic) 
ratio decreases with the increase in c, the 
Cc Cc 
band has a sharp boundary followed by a long tail. On 
the other hand, if the isotherm ts convex to the c-axis so 
that the distribution ratio increases with the increase in 
c, the sh ipe of the band ts reversed t.e. the reat edge iS 
sharp while the front has a projection of gradually 
decreasing concentration (Part 1, Fig. 5, 6) 
The theory 
ment of the centre of gravity of a band through the 


outlined correctly describes the move 
column. However, it does not explain why the band gets 
wider and its boundaries become less defined as it passes 
down the column. Even with linear tsotherms the shape 
of the elution curve is ch inged, it no longer remains 
rectangular but assumes the shape of a normal curve of 
errort 

We shall remind ourselves of the two main assump- 
tions on which the theory was based 

(i) at any given point of the column, equilibrium 

between the solute concentrations in the two 

phases is reached practically instantaneous!) 
diffusion of solute in the mobile phase along the 


axis of the column is negligible 


Non-Instantaneous Attainment of Equilibrium 
When for sorption and desorption 
processes are not infinitely large, equilibrium between 


rate constants 
the two phases is not reached instantaneous!ly In more 
popular language this is described as a phenomenon of 
resistance-to-mass and the mechanism by 
means of which solute is transported from one phase to 


transter, 


. 
! the colun 
through the colu 


of sc 


neluti 


’ 


lume 
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probability curve 


know 
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THEORY) 


another is usually assumed to be a diffusional process 
In a chromatographic column, the stationary phase* 
sorbs solute from a stream of the mobile phase flowing 
through the void volume between the solid particles 
the solute molecules must diffuse through the interstices 
in order to reach the surface of the stationary phase 
Similarly, 


the stationary phase in order to get back in the mobile 


the solute has to diffuse from the interior of 


phase. If the sorption and desorption proceed at low 
rates, some molecules would get relatively far ahead or 
lag behind giving rise to a spread in the front as well as 


in the rear boundary of the band. The overall effect of 


non equilibrium conditions or finite rate constants 1s 


therefore, to “smear out’ the band 


Longitudinal Diffusion 


The longitudinal diffusion, when referred to the 


spreading of the chromatographic band, includes both 


true longitudinal molecular diffusion and apparent 


longitudinal diffusion¢. The true molecular diffusion 
occurs because of the concentration gradients existing 
within the mobile phase along the length of the column 
whereas apparent diffusion comes into play because of 
the multitude of zigzag paths of unequal lengths and 
widths. We can offer a simple physical picture of 
apparent diffusion if we assume the pore space within 
the packed bed to be equivalent to a bundle of parallel 
capillaries of different diameters but of the same length 
Portions of solute which enter the cross-section of a 
given capillary at the same time will travel through it at 
different velocities: those moving along the capillary 
axis will be the fastest and come out first. Also, some 
portions of solute might flow through wide capillaries 
while others might flow through narrow ones. According 
to Potseuille’s law, material in each capillary will be 
flowing at different rates. As a result of all this, some 
portions of solute may get ahead while others may lag 


behind with respect to the mean velocity of flow 


EFFECT OF DISTURBING FACTORS! ON 
BAND WIDTH 


Band width is a factor of paramount 


Importance 





because it gives a direct measure of the ‘peak sharpness’ * 


and on it rests the fundamental concept of ‘column 
efficiency’. There are basically two different theories 
which deal with the effect of disturbing factors on band 
width either implicitly or explicitly. These are commonly 
known as the plate theory and the rate theory 


(a) Plate Theory 

The theoretical plate concept was initially introduced 
by Peters! in connection with the performance of 
distillation columns. Martin and Synge!! 
were the first to apply this concept to a partition 
chromatographic column. The plate theory assumes the 


however, 


column length to be divided into a large number of 


adjacent layers commonly known as theoretical plates 
The thickness of each layer or Height Equivalent to a 
Theoretical Plate (HETP) is determined by the con- 
dition that the mean concentration of solute in the 
stationary phase within the layer is in equilibrium with 
its effluent, i.e. within each plate there is perfect 


equilibrium between the two phases. The behaviour of 


the plate column is calculated on the assumption that 
the distribution isotherm ts linear and the distribution 
ratio (partition coefficient) remains unaffected by the 
presence of other solutes. This ingenious device of 
dividing the column into theoretical plates takes into 
account the effect of diffusion and non-attainment of 
equilibrium rather implicitly. It is understandable that 
for very small values of HETP the diffusion of solute in 
the mobile phase from one plate to another can be 
Also for a column of an infinitely large 
non- 


neglected 
number of plates (HETP 0), 
attainment of equilibrium will be nil and the band 
width will be completely determined by the sample size 
This implies that HETP is a convenient measure for 
expressing the magnitude of disturbing factors. The 
results derived from the plate theory show that when a 
solute initially placed on one theoretical plate has 
travelled a distance of n theoretical plates down the 
column, it is spread out into a band the relative widtht 


the effect of 


of which, measured at th of the maximum concen- 


e 
tration, is equal to2 « (\/n ). Fromanalgebraictreatment 
of the plate theory, Martin and Synge derived the follow- 
ing expression relating the total quantity q, of solute in 
plate n with the volume of the mobile phase passed 
through the column 


a 


measured by the band width and depends 


*Peak sharpne d 
the peak has a flat toy 


upon sample size © large sample volumes 


*Column efficiency or HETP is independent of the sample volume 


The relative band-width is the ratio of the band dispersion to retention 


volume per plate 
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Or, on putting q,, VeaCp, Where c, is the concentration 
in the mobile phase of plate n and vp is the retention 


volume per plate 


| (Vv NVR)? 
exp 
5 > 
(Vry n)\ 27 (Ve yn) (13) 
This represents the equation for the normal error 
curve which is graphically shown in Fig It can be 


shown from the geometrical properties of the curve that 


Vr 
(14) 


where Vp is the retention volume referring to the 
centre of the peak and o Vr, n is the ‘standard 
deviation.* For the Gaussian curve, o; corresponds to 
| 

band 


th of the concentration of the 


Ve¢ 
Alternatively, (14) may be written as 


maximum 


Vr 
16 (l4a) 
W 


where W 4c, is the band width representing the 
distance between the inflexional 
tangents with the base line as shown in Fig 


Sometimes band width at half the peak height, A, is 
| 


intersections of the 


used. It is clear from F ig that W \ \. Hence, 


In2 
equation (14a) may be expressed in the form 


Vr 
8Iin2 


*The root-mean-square (RMSD) or simply the 
leviation (a) of a function f(x) is generally defined as 


deviation standard 


S$ the mean around which f(x) is 
distributed 


f(x) dx, where x 
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Fig. 8 


The algebraic treatment of the plate theory was 


replaced by a calculus one when van Deemter, Zuider 


weg and Klinkenberg extended its scope to include 
the effect of sample size 


expression for a large sample of volume V 


They derived the following 


where o. is a measure of the band broadening due to 
\ 
large Sample sizes 1s 


The shape of the curve for 


shown in Fig. & 


> is far less than — Vp 
12 n 
equation reduces (14) derived by 
Martin and Synge. Under this condition the flat top 
8 becomes a simple Gaussian 


It is obvious that when 


(15) to equation 
elution curve in Fig 
curve. In fact van Deemter, Zuiderweg, and Klinken- 
berg (loc. cit.) showed that for practical purposes the 
shape of the elution curve is Gaussian and there would 
be no additional band broadening due to finite sample 


size if 


1 Vp 
S 

2 \n 2 

(retention volume per plate). (1Sa) 

So long as the sample occupies less than 0-5, n 
theoretical plates, there will be no band broadening 
due to sample size. Relation (15a) fixes the maximum 
space for the sample. Table I may help to explain the 
point 

It is clear from Table | that as the total number of 
theoretical plates in a column increases the maximum 
space, in terms of theoretical plates, to be occupied by 
the sample (which would no longer produce additional 
peak broadening effect) also increases. But the per- 
centage column length available for the sample decreases 
with the increase in the number of theoretical plates 
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TABLE | 





Maximum space permissible for 
sample 
No. of plates in in terms of 


F aall 
theoretical plates 


ferms of 


in the column column length 


OSy in OSy n 


4 

100 
400 
10,000 





(b) Rate Theory 
The HETP is a useful concept, 


the plate theory does not directly explain the 


but it is an empirical 
facto! 
nature of the mechanisms which determine this factor 
In order to gain insight of the different mechanisms 
governing the HI TP. we have to make use of the ra 
This theory ts based on the use of parameters 


te 


theory 
such as the rate of mass transfer between the two 


phases, the rate of diffusion along the column, and the 
rate of flow of the moving phase plus all other factors 
issociated with the hydrodynamical behaviour of fluid 
flow 
Glueckaul studied from a semi-kinetic angle the 


four disturbing factors on chromatographic 


‘ 
~ 


of particle, (ii) longitudinal 


effect of 
bands: (1) finite 
diffusion in the mobile phase, (iii) diffusion into the 
particle, (iv) diffusion in the mobile phase normal to the 


The theory was originally designed to 


size 


direction of flow 
describe the behaviour of an ion exchange column but 
its scope can be extended to other types of columns 
Van Deemter, Zuiderweg, and K linkenberg gave a 
theory of the chromatographic process which in some 
ways is an alternative to the approach made by 
Glueckauf. These authors present a fairly full account 
of the various causes responsible for band broadening 
The theory has been successfully applied to gas-liquid 
chromatographic columns which will be the subject of 
our subsequent discussion Considering resistance to 
mass transfer between the two phases as arising from 
diffusion, they derived the following expression for 


HETP 


2D, 





Contribution due to Contribution due to 


overall longitudinal resistance to mass 
diffusion transfer in the liquid 


phase 
(16) 
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is the effective or overall longitudinal diffusivity 
of solute in the gas phase, 
I 
K is the capacity 
F, 
fraction of the gas and F, that of the liquid phase), 


ratio (F, ts volume 


is the dimensionless partition coefficient defined 
in the usual way 


moles of solute in one cc. of liquid 
moles of solute in one cc. of gas 

is the ‘effective depth’ or ‘effective film thickness 

of the stationary liquid phase 

is the diffusivity of solute in the liquid phase, 

is the apparent linear flow rate of gas phase 

Assuming that the overall longitudinal diffusivity 

(D,) can be expressed as the sum of the longitudinal 
apparent (D,) and longitudinal 
molecular diffusivity (D,), we may write 


diffusivity (true) 


D D D 


e . g (16a) 


where the factor y is empirically introduced to account 
for the irregular diffusion pattern due to the presence of 
solid particles. Since the molecular 
packed bed is smaller than the free gas diffusivity in an 
open tube, y is expected to be somewhat smaller than 
unity 

Klinkenberg and Sjenitzer'4+ showed on statistical 
grounds that 


diffusivity in a 


D, aud, (1l6b)* 
where 4 is a dimensionless constant characteristic of the 
mode of packing 

The factor % is indicative of how good or bad the 
packing is. For regular packing % ts less than unity. For 
non-uniformly packed columns containing channels, 7 
is much higher than unity. It is easy to visualize how the 
band undergoes broadening or dispersion in a carelessly 
packed column streaked with channels. Molecules 
entering a given cross-section of the column simul- 
taneously would pass through different path lengths 
and therefore spend different times to travel the same 
length of the column. In other words, some molecules 
get ahead while others lag behind the main band 
causing thereby an enhancement of the band width 

Band dispersion may also take place due to the 
uneven distribution of the stationary liquid on solid 
particles. Molecules entering the thinner part of the 
liquid film would permeate more quickly than the ones 
entering the thicker part. As a result of this, some 
molecules spend less time within the liquid phase and 
move faster whereas others spend more time and move 


"The quantity Dg occurring in the above equations plays the same role 
peak broadening as a diffusion coefficient. Also, if u is in cn 
and dp inem.; then 27 udp has the dimensions cm. ¢ sec 


per sec 
This represents 
diffusion coefficient 


the dimensions of a hence the name apparent 


diffusion coefficient 
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than the rest of the band. So the band 


becomes wider 


more slowly 


Combining (16), (16a) and (16b), we have 


It is clear from this equation that HI TP is made up 
of three terms, the first one is independent while the 
other two are dependent on linear flow rate. To obtai 


high column efficiencies, it ts essential to keep the 


magnitude of H as low as possible. For this purpose 


we shall first study how to minimize the contribution of 
each term keeping the linear flow rate constant 

(i) The term 2d, can obviously be reduced by reduc 
the size (d,,) of the particle. In practice, however 
to the extent to which d,, can be 


that 


there is a limit 


reduced. Experiments show begit 


increase as d,, ts decreased showing thereby that 


S$ easy to realize regular packing with large rather 
than with small particles. Experiments with 6 
that the most 


efficient packing is obtained within the limits of 


diameter columns demonstrate 
30-80 mesh, the narrower the range the better. An 


additional advantage gained by using relative 
large particles is the high permeability offered to 
the gas flow; thus high optimum gas velocities may 


be obtained without producing high pressure 
gradients which have adverse effect on colum: 
efficiency 
2D, 
The term can be reduced at constant flow rate 
u 
by reducing D,. From the kinetic theory of gases 
the inter-diffusivity (D,) of a given vapour in a gas 
depends upon the nature of the gas, the pressure 
and temperature of the The 
diffusion in low molecular weight gases such as 
H» or He is higher than that in high molecular 
weight gases e.g. N> or CO , 


diffusion, it 


* ; 


sysiem rate Oo 


Judging entirely on 
the basis of would seem that N> or 
CO, should be beneficial in 
HETP the 
column operation, the choice of the mobile phase 


We shall have the 


opportunity of discussing this point at a 


more reducing 


However, looking from angle of 


rests on several other factors 
later 
Stage 

k d 
The expression contributes t 
(1 k’) D 
owing to 


the HETP 


molecules in the stationary liquid phase. It may be 


Slow diffusion of solute 


weights an 
of the solute 
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remarked at the outset that owing to the inter- 
dependency of the various parameters involved in 
this expression, it is not possible to predict in 


general terms the variations in the magnitude of 


this expression. An immediately obvious method 

of reducing the magnitude of this expression is to 

reduce dy which appears in the second power. This 

can be done by using smaller amounts of the 

stationary liquid; this means a reduction in F,; and 
F 


hence a reduction in k’ ( K). But a reduction 


in k’ makes bigger. So a decrease in d, 
(1 + k’)2 

k’ 
brings about an increase in Also, any 


(1 k’)2 


decrease in F, is expected to produce an increase 

in F,, since for a given column (F; F.) is 
F 

constant. The manner in which or k’ varies with 

F 


£ 


dr, or ultimately varies with dr2, is not 
(1 k’)2 
known exactly. However, experiments only indicate 
that columns impregnated with small quantities of 
stationary liquid are more efficient. If extremely 
lean columns are used, interference due to the 
adsorption of solute vapour on the naked surface 
of the solid particles sets in; this gives rise to 
tailing which impairs column efficiency. We also 
F 
note that the capacity ratio k’ (K ) depends upon 
I & 

the partition coefficient which in turn is a function 
of the solute-solvent interactions and the tempera- 
ture. For the given solute and solvent, the partition 
coefficient generally increases with the decrease in 
F 
temperature*. Assuming constant, we can in- 
F, 
by de- 

(1 k’)2 
creasing the temperature. However, a decrease in 
temperature at the same time increases the v iscosityt 


crease K or k’ and hence decrease 


*The approximate thermodynamic relation between temperature and 
partition coefficient is ma 
dink RT AH, RT AHm - AH, 

where HAg is the sum 

dT RT RT? 

of heat of mixing AHm and the heat of condensation ( heat of vaporiza- 

tion AHy). The partition coefficient will decrease on increase of 

temperature for those systems which show a decrease in solubility and 

expand on absorption of heat 


+The influence of temperature on the viscosity of liquids is strikingly 
different from that of gases, the viscosity of liquids decreases appreciably 
as the temperature increases, whereas the viscosity of gases increases with 
the increase in temperature 
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of the solvent decreasing thereby D,*. Therefore 

k | 

and 

(1 k’)? D 
and it is not possible to tell exactly which of the 
two predominates and how the HETP is finally 
affected. The overall effect, of course, depends upon 
the system in hand and it is understandable why an 
increase in temperature some times produces a 
favourable effect while at other times an adverse 
effect on column efficiency. 


the factors counteract each other, 


It is clear from the above discussion that HETP is not 
only a function of the column packing, but it also 
depends upon the operating conditions and the nature 
of the solute. Under the same set of conditions, there- 
fore, different values of HETP or different numbers of 
theoretical plates per unit column length may be ex- 
pected for different solutes 

In the derivation of equation (17), it has been 
assumed that the resistance to mass-transfer lies almost 
entirely within the liquid phase; no account has been 
taken of the resistance to mass-transfer in the mobile 
phase 
mobile phase implies that there is complete mixing in 
this phase and concentration gradients normal to the 
net hydrodynamic flow (the resultant flow of the mobile 
phase through interstices) are non-existent. However, 
recent investigations show that there is in fact a 
resistance to mass-transfer in the gas phase and it can 
play a substantial part in controlling the HETP 


The absence of mass-transfer resistance in the 


(To be continued.) 


*If No be the Avogadro number, R the gas constant, n the v 
the liquid. and if the solute molecule is assumed to be a sphere o 
ro. then according to the Stokes-Einstein diffusion equation 
I 
D 
6ntQgNo 
the interdiffusivity (D,) of the solute in the 


as the temperature goes down 
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High-Voltage Paper Electrophoresis 


The following corrections should be noted to the lecture 
‘High-voltage Paper Electrophoresis’ by Dr. D. Gross 
published in the September issue of Laboratory Practice, 
pages 622 et seq 
p. 623, column 1, 11th line from the bottom 
temperature to read time 
ibid., 5th line from the bottom 
insert > to read for > 50 V./cm 
p. 627, column 1, 6th line from the bottom 
insert > to read of > 50 V./cm 
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PRACTICAL METHODS FOR THE MICROBIOLOGICAL ASSAY 
OF THE VITAMIN B-COMPLEX AND AMINO ACIDS 


by E. C. Barton-Wright, D.Sc., F.R.1.C., M.1.Biol. 
PART I 


Biotin 


CH »>—CH »>—CH »>—- COOH 


Biotin 
(2’ keto-3 :4-imidazolido-2-tetrahydrothiophene-n- 
valeric acid) 


Organism. Lactobacillus plantarum. 


Basal Medium 
With some slight modifications, the same basal medium 
as that used for the assay of nicotinic acid may be 
employed for the assay of biotin. The basal medium 
described here is essentially the same as that of Lynes 
and Norris (1948) with a few minor modifications 
introduced by the author. The composition of the 
medium is as follows 

Vitamin-free casein hydrolysate 1-0 per cent, L- 
cystine 0-01 per cent, DL-tryptophan 0-02 per cent, 
glucose 1-0 per cent, sodium acetate 0-9 per cent, 
adenine, guanine, uracil and xanthine 10 p.p.m. each, 
thiamine 1-0 p.p.m., riboflavin 0-5 p.p.m., pyridoxine 
1-0 p.p.m. calcium d-pantothenate 1-0 p.p.m., nicotinic 
acid 2-0 p.p.m., p-aminobenzoic acid 0-1 p.p.m., 
sodium chloride 0:5 per cent, ammonium sulphate 0°3 
per cent, dipotassium hydrogen phosphate 0-06 per cent, 
potassium dihydrogen phosphate 0-06 per cent, and 
inorganic salt solution 


Biotin-free Basal Medium 
(Sufficient for 100 tubes) 


10-0 g 
25-0 ml. 
50-0 ml 

10-0 g 

150g 
10-0 ml. 
10-0 ml 

50g 

3-0 g. 

0:6 g. 

0:6 g. 
1,000 ug 


Vitamin-free casein hydrolysate* 
L-Cystine solution® ... 
DL-Tryptophan solution * 
Glucose oes 

Sodium acetate (hydrated) 
Adenine + guanine uracil solution* 
Xanthine solution* 

Sodium chloride 

Ammonium sulphate 

K »>HPO« 

KH >PO.4 

Thiamine* 
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500 ug 
1,000 us 
1,000 us 
2,000 u 

100 ug 

5-0 ml 

500 ml! 


Riboflavin* 
Pyridoxine* 
Ca-d-pantothenate* 
Nicotinic acid* 
p-Aminobenzoic acid* 
Inorganic salt solution * 
Water to 


*For the preparation of these reagents see Part Ill 


After mixing, the pH of the medium is adjusted to 68 
with sodium hydroxide solution using bromothymo! 
blue as external indicator, and the volume made up to 


500 ml. with water 


Assay Procedure 
Assay procedure is exactly the same as for nicotinic and 
pantothenic acids. The basal medium is at double 
strength and 5 ml lots are transferred to test tubes; the 
standard biotin solution and test solutions are added in 
the usual way and the total volume of liquid in each 
tube made up to 10 ml. with water 

The effective range for establishing a standard curve 
is: Blank, 0-00005 g., O 0001 g., O 00015 g., O 0002 
ig., 000025 ug., and 0.0005 ug. A standard solution of 
biotin is prepared to contain 0.0001 yvg./ml. and the 
rest of the operation is carried out as for nicotinic and 
pantothenic acids. The assay of test extracts is carried 
out at three or four different concentration levels and 
all concentration levels are set up in duplicate if 
response is to be measured acidimetrically or in 
triplicate if response is to be determined nephelo 
metrically. After the volume in each tube has been 
adjusted to 10 ml. with water, the tubes are capped 
with aluminium thimbles and sterilized as for nicotinic 
and pantothenic acids. The temperature of incubation 
if response is to be determined nephelometrically is 
35-37 C. and 30°C. if response is to be measured 
acidimetrically. The inoculum is prepared in the same 
way as for nicotinic and pantothenic acids 


Preparation of Sample for Assay 
The finely ground sample is hydrolysed with 3 N 


sulphuric acid at 15 p.s.i. for 30 minutes, cooled, 2 m! 
of 2:5 M. sodium acetate solution added and the pH 
adjusted to 4-5 with sodium hydroxide solution using 
bromocresol green as external indicator, made up to 
volume and filtered. The pH of a suitable aliquot is 
adjusted to 6°8 and made up to a suitable volume for 
assay. Materials with a high fat content, e.g. wheat 
germ, Oats, meat, etc., should be subjected to a pre- 
liminary extraction with light petroleum 
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Practical Hints in the Preparation of Ingredients for 
Media for Assay of Nicotinic Acid, Pantothenic Acid 
and Biotin 

Distilled Water distilled 

recommended for the preparation of stock solutions, 

basal media and extracts. The author 

Manesty still and has found this to be perfectly satis- 

factory Nevertheless, as Price and Gare (1959) (also a 

private communication from S. A. Price) have pointed 

out, most workers have occasionally 
trouble with sub-optimal growth in some tubes and 
irregular replicates even with well-established routine 
assay procedures. Price and Gare were able to trace 
their own difficulties to the presence of a volatile 
inhibitor in their distilled water; possibly a short- 
chained fatty acid, which could be removed by ‘de- 
gassing’ the distilled water by boiling down to 50 per 


Glass water has been 


now uses a 


encountered 


cent of its original volume 
Washing of Glassware 
ware is a prolific cause of invalid assays and far too 
little attention has been paid to this important subject 
A number of different methods have been suggested in 
the past, all of them more or less unsatisfactory. The 
following procedure will be found to give uniformly 


Careless washing of glass- 


satisfactory results 
All glassware, test tubes, screw-capped bottles etc., 
are boiled in a 2-gallon stainless steel bucket for 10 
minutes in the following solution 
Lux soap flakes 
Calgon 
Distilled water 
After boiling, the bucket is allowed to stand until the 
solution is warm to the hand. The glassware is then 
transferred to a basin or other suitable receptacle and 
rinsed three times in 8 litres of tap water plus | oz. of 
Calgon 
plain tap water and finally twice with distilled water, 
inverted and dried 


The glassware is next rinsed three times in 


Toluene.—Toluene used for preserving stock solutions 
must be sulphur-free; alternatively chloroform may be 
used as a preservative 

Sodium Acetate.—Hydrated sodium acetate should 
always be used in preference to the anhydrous salt 
which is frequently contaminated with iron (1-0 g 
anhydrous sodium acetate = 1-66 g. of hydrate) 
Hydrolysate.—A 
preparations of acid-hydrolysed vitamin-free casein 
suitable for microbiological assay have been placed on 
the market from time to time, but the product prepared 
by Difco Laboratories is strongly recommended for its 
consistently high quality, so that nowadays it is quite 
unnecessary for the individual worker to prepare his 
own material. Should the necessity arise for the 
preparation of this material in the laboratory, either of 
the methods described below will be found to give a 
satisfactory product 


Vitamin-free Casein number of 


Method \. 120 g. of a ‘vitamin-free’ casein are shaken 
twice with 300 ml. of 85 per cent ethanol for one hour 
and filtered. The ethanol-washed casein is allowed to 


stand overnight in 500 ml. of 85 per cent ethanol, 
filtered, and washed with water at 50 C. The ethanol 
extracted casein is now hydrolysed with 500 ml. of 25 
per cent sulphuric acid at 15 p.s.i. for 10 hours in an 
autoclave, or refluxed on a sand bath for 16-20 hours 
The hydrolysate is neutralized with either barium o1 
calcium hydroxide, the pH adjusted to 3-0 with sul- 
phuric acid and then shaken for 30 minutes with a good 
quality activated charcoal, such as Norite, filtered, and 
neutralized with barium or calcium hydroxide and the 
precipitated sulphate filtered off. The resulting hydro- 
If calclum hydroxide !s 

calcium should be 


lysate should be water-clear 
used for neutralization, excess 
removed by adding the calculated quantity of oxalic 
acid. The solution is adjusted by evaporation or dilution 
to contain 100 mg./ml. of solid matter and stored under 
toluene or chloroform in a refrigerator A precipitate of 
tyrosine is invariably thrown down after a few days, 
but this may be disregarded 

Method 2. After ethanol extraction in the 


described above, 120 g. of casein are hydrolysed by 


mannel 


refluxing for 14-16 hours with 300 ml. of concentrated 


This operation must 
The hydrolysate ts 


hydrochloric acid on a sand bath 
be carried out in a fume cupboard. 
taken down under reduced pressure to remove excess 
hydrochloric acid, diluted with water and the process 
repeated. Litharge is now added with constant stirring 
until a pH of 3-0 is reached. The precipitated lead 
chloride is filtered off and hydrogen sulphide passed 
into the hydrolysate to precipitate any lead chloride 
left in solution. Excess hydrogen sulphide is removed 
by aeration and the mixture shaken with 20 g. of active 
charcoal for 30 minutes and filtered. The 
hydrolysate should be water-clear. The 
adjusted by dilution or evaporation to contain 100 


resulting 


solution is 
mg./ml. of solid matter. There ts no need to readjust the 
pH of the hydrolysate to 6:8. It is stored in a refrigerator 
under toluene or chloroform. Tyrosine invariably 
precipitates after a few days and may be ignored 
Sodium Hydroxide-treated Peptone 40 g. of Difco 
peptone are dissolved in 250 ml. of water and 20 g. of 
sodium hydroxide, also dissolved in 250 ml. of water, 
The mixture ts brought to the boil and hAeiling 


than two ot 


added 


should not be continued for more three 


The mixture is cooled under the tap and 
At the end of this time, 


seconds 
incubated for 48 hours at 37 ¢ 
the solution is neutralized with glacial acetic acid 
(ca. 28 ml.) and 11-6 g. of sodium acetate added. The 
solution is made up to 800 ml. with water and stored 
This 


solution will keep for two or three weeks, but should a 


in the refrigerator under toluene or chloroform 


precipitate appear, oF should the solution become 
cloudy, it should be discarded 

L-Cystine Solution.—\-0 g of L-cystine is suspended 
in 25-30 ml. of water and boiled. Concentrated hydro- 
chloric acid is added dropwise until the whole of the 
cystine passes into solution The volume is then made 
up to 250 ml. and the solution is stored under toluene 
in a refrigerator. This solution contains 4 mg./ml. of 


cystine and keeps more or less indefinitely. 
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DL-Tryptophan Solution.—\-0 g. of DL-tryptophan 
is boiled in 25-30 ml. of and concentrated 
hydrochloric acid is added dropwise until solution is 
effected. The solution is made up to a final volume of 
250 ml. and stored under toluene in a refrigerator. It 
keeps almost indefinitely This solution contains 
4 mg./ml. of DL-tryptophan. 
and Uracil 


wate! 


Adenine, Guanine Solution The stock 
solution of these three substances contains 1-0 mg./ml 
of each. Solution is effected by boiling with a little 
concentrated hydrochloric acid. The solution is stored 
in a refrigerator under toluene and should be renewed 
at monthly intervals 
Yanthine Solution This 
1-0 mg./ml. Solution is effected by boiling with a few 
ammonia. This solution is 


solution also contains 


drops of concentrated 
stored under toluene in a refrigerator and should be 
renewed at monthly intervals 

Thiamine Solution Thiamine (0-1 g.) is accurately 
weighed and dissolved in a little water and made up to 
a final volume of 100 ml. with 2 per cent hydrochloric 
1,000 ug/ml. It will 


acid. This solution contains 9 


Maintain its activity for several weeks if stored in a 
reirigeratol 


Calcium d-Pantothenate Solution.—0-\ ¢ 


of calcium 
d-pantothenate is dissolved in water and the volume 
made up to 100 ml. The solution is stored under 
toluene in a refrigerator and renewed at fortnightly 
intervals. This solution contains 1,000 ml : 
Pyridoxine Solution.—Pyridoxine hydrochloride 


(0-244 g.) is dissolved in 100 ml. of water, and stored 


Lo 
h 


under toluene in a refrigerator. This solution contains 


2,000 ug./ml. of pyridoxine (free base) 
should be renewed at monthly intervals 
{cid Solution.—0-\ g. of nicotinic acid is 
of water and stored under toluene 
1,000 Lg mil 


The solution 


Vicotinic 
dissolved in 100 ml 
in a refrigerator. This solution contains 
It should be renewed at weekly intervals 

Riboflavin Solution.—-50 mg of 
accurately weighed out, mixed with a little water and 
1-0 ml. of glacial acetic acid added, and the whole made 
up to 1,000 ml. with water. This solution contains 
50 ug./ml. of riboflavin. The solution is stored under 
monthly 


riboflavin are 


toluene in a refrigerator and renewed at 


intervals 
p-Aminobenzoic acid.—9-\ g. of p-aminobenzoic acid 


is dissolved in 100 ml. of water with the aid of a little 
glacial acetic acid. This solution contains 1,000 ig./ml 
It is stored under toluene in a refrigerator and renewed 
at monthly intervals 

Biotin Solution.—SO mg. of biotin are 
weighed out and dissolved in a little water and made up 
to a final volume of 1,000 ml. with water and 200 ml 
of ethanol. This solution contains 50 ug./ml. of biotin 


and will keep in a refrigerator for three months without 


accurately 


deterioration 

Inorganic Salt Solution. (Formerly Inorganic Salt 
Solution B). 10 g. of MgSO4, 7H2O, 0-5 g. MnSO,, 
4H 20 and 0:1 g. of FeCl; (anhydrous) are dissolved in 
250 ml. of water and a few drops of concentrated 
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This 


hydrochloric acid added to prevent precipitation 
solution will keep indefinitely at room temperature 


Assessment of Validity of Microbiological Assays and 
Methods of Computation 

Typical standard curves for the assay of nicotinic acid, 

pantothenic acid and biotin are shown in Figs. |, 2 and 

3. It will be seen that the standard curve for nicotinic 

linear whereas the 


strictly portion, 


acid contains a 
curves for biotin and pantothenic acid are curvilinear 
throughout their length. The method of computation 
which will have to be adopted will necessarily depend 
upon the nature of the standard curve obtained for a 
If there ts a linear portion (nicotinic 
then 


particular assay 
acid) to the standard curve, the slope ratio 
method should be employed, on the other hand, if the 
curve 1S curvilinear (pantothenic acid and biotin) the 
‘log log’ method devised by Wood (1945) should be 
used. Examples of how to use these two methods of 
computation are given below 

The successive steps for calculating an assay result 
by the slope-ratio method are as follows 


Standard solutions 


(1) The mean 
(either the mean titration figure in ml. of 


responses to the 
Standard 
solution, or the mean nephelometric figure) are plotted 
on a piece of squared paper against the doses in ug 
The response of the zero-dose or blank should be 
8 - 


4 


i 4 
0-1 0-2 03 
pg Nicotinic Acid 


standard curve obtained on original Snell and 

Standard curve obtained on modified 
medium. 

figures in this article are reproduced by pern 


Sir lsaac Pitman & Sons Ltd.) 


Fig. 1. A 
Wright medium. B 


(The 
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0-02 0-03 
yg Ca-d- 
Typical standard curve for pantothenic acid using 
Lactobacillus plantarum 


Fig. 2. 


included. The best fitting straight line is then drawn 
between the plotted points. If the point corresponding 
to the blank or zero-dose does not lie on the ‘best’ line 
through the points it should be ignored. 


(2) The points of the various doses of the test prepara- 
tions are plotted in the same way on the same graph 
The scale used is immaterial, so long as the zero 
corresponds with that of the standard solution graph 
The ‘best’ line is now drawn through these points. 

(3) The next step is to calculate the slopes for each line 
in turn. From any two convenient points on the graph 
the values for dose and response are read off at opposite 
ends of the line. The lower dose is now subtracted from 
the higher dose and the lower response from the higher 
response in order to obtain the increase in response for 
a given increase in dose. From the slope is calculated 
the increase in response per unit of standard solution or 
test solution as the case may be 


TABLE 


' 
' : 
het 4 4 
2 3 
se: ML Standard or Sample Extract 


Fig. 3. Assay of biotin in malt. O © biotin standard. 
@ sample extract. 


(4) Whether or not an assay is valid may be detected at 
once by this method of calculation. Ideally the two 
lines will intersect exactly on the vertical axis of 
response in a valid assay; a slight divergence may be 
disregarded. 

Example.—The dose levels used and the mean titres 
obtained in an assay of a meat extract for nicotinic 
acid are given in Table 4 


It will be seen from Fig. 4 that the standard points, 
including the blank, all lie very close to a straight line 
and the same applies to the three test points, which also 
lie on another straight line. It should also be noted that 
the two lines almost intersect on the vertical axis of 
response 

The actual calculation is carried out as follows: the 
values of response, read off by eye, from the standard 
line, which passes from zero-dose to 0:25 ug. of 
nicotinic acid, are respectively 1-60 ml. and 9-43 ml., 
which gives an increment of 7-83 ml. for 0:25 ug. of 


IV 


Assay of Nicotinic Acid 


(Data from Kent-Jones and Meiklejohn, 1944) 





Dose of Nicotinic acid (ug.) 0-0 


Mean titration (ml.) 1.45 


Weight of test extract (mg.) 


Mean titration (ml.) 4°85 


0-05 0-10 0-20 
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Titration, ml 





Test Extract, mg 
0-2 0:3 

0:10 0:20 

Nicotinic Acid, ug 


1 


0-4 
nial 





Fig. 4. 


nicotinic acid, or a slope of 7°83 4 31°32 ml./ug 
The values of response from the test line are treated in 
exactly the same way. The values here, corresponding 
to zero-dose and 0-40 mg. of meat extract are 1-55 ml 
and 7°85 ml. respectively, piving an increment of 6:3 ml 
for 0-40 mg., or a slope of 6:3 2,500 15,750 ml. 
The mean nicotinic acid content of the meat extract ts 
therefore by the ratio of the two slopes, i.e 
15.750/31° 503 ug./g 

This red may be taken as a good example of a 
valid assay, because not only do all the points lie po 
close to the appropriate line, but the distance between 
the points of intersection of the standard line with the 
response axis and the test line with the same axis is 
negligible (0-05 ml.) 

The slope-ratio method of computation for micro- 
biological assays has unfortunately very limited use. It 
can only be applied to four assays: nicotinic acid, 
riboflavin assayed with L. helveticus, thiamine assayed 
with L. fermenti 36 and cyanocobalamin assayed with 
Ochromonas malhamensis, and not always with these 
In all other microbiological assays the standard curves 
are curvilinear throughout their length. For a number 
of years the only method of computation available with 
standard curves of this nature was to read off the values 


u 
& 


a 
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’ est 
8 sg Standard 
“x 00 yg Standard 
4 


Sw est 


Fig. 5. Assay of threonine with Srreptococcus faecali 


at different concentration levels of the test solution from 
the standard curve, which was a very unsatisfactory 
procedure. Any transformation that could be effected 
for such curves, so that they would give linear graphs 
would be a great advantage, because it would supply a 
sound mathematical basis of computation Wood (1945) 
was able to effect such a transformation by plotting the 
logarithms of both the and responses. The 
resulting points were found to lie reasonably well on a 
straight line over a certain range 


doses 


A good example of an assay in which this ‘log-log’ 
relationship holds is shown in Fig. 5 which is an assay 
of threonine using Streptococcus faecalis R. It will be 
observed that the curves obtained by plotting dose 
against response, both for the standard curve and for 
the test preparation are transformed into two parallel 
Straight lines when log-dose is plotted against log- 
response. In a valid assay the test line must lie paralle! 
to the standard line. Any significant lack of parallelism 
would indicate that the assay is invalid 


IN Alka 


of 0 


° 
e 


Response(m 
Log Response 


> 
— 
2, 


Log ™! Test 
6 yg Standard 
a 
200 pg Standard 
Ss al Test 


Fig. 6. Assay of lysine with Leuconostoc mesenteroides P.60 
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The parallelism shown by the standard line and test 
line in Fig. 5 is of a very high order, but in an assay of 
lysine using Leuconostoc mesenteroides P.60 (Fig. 6) it 
will be seen that parallelism, although good, is not 
quite so exact as in the threonine assay 

The best and quickest method of computing the 
result of an assay after the ‘log-log’ transformation has 
been effected is to measure the horizontal distance from 
test line to standard line. Thus, taking any point on the 
log-response axis, draw a parallel line to the log-dose 
6) and read off the values for log-dose 


axis (Fig 
corresponding to the points of intersection made by 


this line and the test and standard lines. In this case, 
the horizontal distance between the standard and test 
lines along the line meeting the log-response axis at 0-75 
is 0-76 0-421 0-344. This figure represents log 
(ml. standard solution equivalent to | ml. test extract), 
on adding the value for the logarithm of the potency of 
the standard solution (.g./ml.) this figure then represents 
log (ug. vitamin or amino ac d equivalent to | ml. test 
extract). On taking the antilogarithm and knowing the 
concentration of the test extract, the vitamin or amino 
acid content of the test material is readily ascertained 

In this assay the standard solution was pure lysine 


and the unit 10 wg. and the logarithm therefore | -000 
From this we obtain that | unit of the extract 
which in this case is | ml. contains antilogarithm | 344 

22-1 ug. lysine. But in this particular assay, test and 
standard lines are not quite parallel, and in such 
circumstances it is best to make a measurement near the 
midpoint of the two lines. A further test of validity of an 
assay by this method is to make the measurements nea! 
the extr>me limits of linearity and examine the agree 
ment between the two resulting estimates of potencies 
Should agreement be good, the mean may be taken as 
the answer. In this assay at the log-response of 0-5 and 


test 


0-9, the corresponding estimates of potency of the test 


extract are 21-5 and 22:5ug./ml. with a mean of 22: 0ug 


Thus, the extremes here are within 3 per cent of the 
mean which is a satisfactory result 
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Buckinghamshire: Caudery, A. G., The Gables 
Aylesbury, (Tel.: Stoke Mandeville 2328) 

Cheshire: Slack, R. L., Lowfields Farm, Eastham,Wirral 

Derbyshire: Robinson, R. G., The Cottage, Slack Lane 
Brailsford. (Tel.: Brailsford 288). Tomlinson, N., Malt 
Shovel Inn, Ashton-on-Trent. (Tel Shardlow 256) 
Ward, ft Pilsley Nr. Bakewell 

Devon: Collins, ¢ Rowbre Cottage 
Abbott. (Tel.: Bickington 310) 

Dorset: Darch, R. I Orchard Cottage, 
Sherbourne. Frampton, The Misses P. T 
Farm, Shapwick, Nr. Blandford. Stokes, F. fF 
Falls, 4 Shaston Road, Stourpaine, Blandford 
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Graham, R. J., 109 Dans Castle Tow Law. Lee, G., 15 
Mitchel! Street, Annfield Plain 

Kent: Leaver, T., 55 William 
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Lancashire: Dootson, ¢ 32 North Grove, Urmston, Man- 
chester. Ratcliffe, H., 2 Lee Cottages, Lumbutts, Tod- 
morden. Roberts, C. G., 26 Wenning Street, Nelson 
Watson, W. A.. Two Ways, Division Lane, Marton Moss 
Blackpoo! 


Lincolnshire: Dales 


Terrick 


Staple Hill, Newton 
Long Burton, 
and Z. M., Hide 
Silver 
Forum 


Street, Herne Bay. (Tel 


Charles A., The Nook, Wood Lane, 
Great Coates, Grimsby. Hurrey, H. E., Broadgate, Weston 
Hills, Nr. Spalding. (Tel.: Spalding 2361) 

London: Animal Suppliers (London) Limited, 56 Torrington 
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Norfolk: Yaxley, R., 12 Aylsham Road, Buxton, Norwich 
Nottingham: Allred, R. C., 59 Marshall Hill Drive, Mapper- 
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Somerset: Brown 

Taunton 
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THERMOGRAVIMETRIC ANALYSIS 
by G. M. Lukaszewski, Ph.D., and J. P. Redfera, Ph.D., A.R.L.C. 


Battersea College of Technology 


PART IV 


ye purpose of this article is to give a brief dis- 
cussion of some of the theoretical aspects of the 
technique of thermogravimetric analysis. Its applications 
have been considered in relation to a wide variety of 
examples from different branches of chemistry. Some 
of the qualitative and semi-quantitative interpretations 
which are relatively simple have already been included 
in the discussion, but the more detailed interpretation 
involves a study of solid-solid transformations 


Kinetics and Reactions in Solid-solid Transformations 
Certain essential differences exist between reactions in 
the solid phase and reactions occurring either in the gas 
phase or in solution. In the last two phases the 
reactant molecules, which are in motion, become 
available for reaction with one another under conditions 
defined by relatively simple statistical laws. In contrast, 
solid state reactions occur between molecules in 
apparently regular lattices in which motion is restricted, 
and thus interaction can only occur at points of 
intimate contact between the reacting phases. In gas or 
solution reactions the governing factor is a ‘mass 
action’ effect, whereas in solid state reactions a rela- 
tively immobile product layer builds up at the initial 
point of contact between the reacting species so that 
continued reaction will depend on some diffusion 
process by which reactants can pass through the 
product layer. Thus the principal factor governing the 
rate of a solid-solid transformation will be a rate of 
particle transfer through the product layer and the 
rate of the boundary process occurring between the 
initial compound and the newly-formed phase 
The nature of solid-solid reactions is very complex, 
and although it is generally assumed that simple 
stepwise processes of decomposition are involved, it is 
quite often found that the reactions proceed through a 
series of intermediate stages. These stages may involve 
the concomitant formation and subsequent decompo- 
sition of several solid phases. It is then that thermo- 
gravimetric analysis and the associated studies pre- 
viously described can be used to provide information 
regarding the reaction mechanism 
Solid-solid transformations may be classified under 
the following headings: 
(i) Reactions involving a decomposition such as 
A (solid) > Bisotia) C (gas) 
(ii) Reaction between two solid phases 
Ais) B,) 4 AB) C (g) 
(iii) Reactions confined exclusively to the solid phase 
e.g. Ais) Bis) > Cy) Dis) 
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Reactions liquid 
phases at some Stage 
Reactions involving a solid and a gas (1.e. from 


a controlled atmosphere or oxygen from the 


involving participation of 


atmosphere): 

Ais) Bie) ~( (s) 
Such reactions can often occur 
simultaneously. In general, thermogravimetric analysis 
is concerned with single substances and the two main 
initial reactions are thus (i) and (v). Thermally initiated 
reactions which involve the entry or substitution of an 
anionic ligand into the co-ordination sphere of an 
inorganic complex compound, result in the loss of a 
neutral ligand initially present (e.g. H2O, NHs, or 
other volatiles) may involve reactions of type (i) and (11) 


Thus 
[M(H 2O),] Xi) 


and 


[M(H 3O),_1 Xk. 


consecutively orf 


[M(H 20),1 Xk) + H2Og 


[M(H >O)],.Xc 
x 


{((H »O),; M M (HO), ike H Oy, 
xX 

This type of process is of considerable importance in 
inorganic chemistry 

The first stage in an experimental study of a thermal! 
decomposition would be to obtain the pyrolysis curve 
using the thermobalance. For a single stage reaction 
curves of the type shown in Fig. 14 are obtained where 
weight loss is plotted against time while the pressure is 
maintained constant. In general their shape is found to 





Time > 
Fig. 14. (a left, b right). Shape of pyrolysis curve obtained at 
constant pressure. 
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. 


the surface of crystalline materials will reduce the 
induction periods, the method of preparation may also 


affect the thermal! stability of the substance 


The majority of reactions studied have been of type 
(1) where the onset of the reaction involves the formation 
of a new phase B at certain points of the lattice of A 
Decomposition will commence where local fluctuations 
provide favourable circumstances for the formation 
of B. Further reaction will tend (due to B's presence 
and catalyzing effect) to take place at the boundary 
between the solid phases. The product phase B will 
spread out from the points where the reaction initially 
commenced. Such points are referred to as ‘nuclei’ 
Generally the induction period is related to the initia- 
tion of nuclei formation in the reactant, which may be 
brought about thermally, in which case the induction 
period will be apparent in the decomposition graph; or 
physically, e.g. by scratching, grinding, etc., when the 
induction period is reduced. The general form of 
decomposition curves can thus be explained qualita- 
tively in terms of nucleus formation and growth 
Thermogravimetric work involves a continuous linear 
rise in temperature, and the shape of the decomposition 
curve is modified accordingly, so that the main portion 
of the curve will be considerably steeper than it would 
be were the temperature kept constant. It is important 
to recognize that the third phase of a decomposition 
may overlap with the induction period of a new 
reaction. This may result in unsatisfactory resolution 
of consecutive stages. Thus the quasi-static approach 
to a problem is useful, after initial information relating 
to a series of decompositions has been obtained using 
a linear temperature-rise programme 


The discussion applies equally to both endo- and 
exothermic reactions. The former are usually processes 
of type (i) or (ii), whilst the latter embrace all types 
but more particularly those which involve major 
structural alterations 

The majority of studies on endothermic reactions 
have been confined to the decomposition of hydrates 
and carbonates. With hydrates the residues on de- 
hydration consist either of a lower hydrate or an 
anhydrous salt. Three types of behaviour have been 
recognized 

(i) where the crystal lattice of the residue is 

practically identical with that of the constituents 
of the original hydrate 

(ii) where a phase showing little crystalline structure 
is produced 
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phases designated ms, Of type (tu 


produced These workers used x-ray diffraction studies 


to provide confirmatory evidence of the transition tron 
form. In many 


the amorphous to the crystalline 


hydrates a process of elimination may be occurring 
Such 
processes are generally referred to as olation reactions 
(see e.g. Rollinson, 1956) and result in the formation 
of hydroxy or oxo bridging Similar behaviour may be 


with the production of polymeric materials 


certain and may be termed 


The use of thermogravimetric tech 


observed with anions 
oxvyanionolation 
niques coupled with the use of magnetic and infra-red 
studies provide a powerful method for the elaboration 
of such processes (Lukaszewski, Redfern and Salmon, 
1960). The full water in the 
dehydration is important because this may markedly 
alter the kinetics of the process due to a catalytic effect 
Hepburn and Phillips (1952) obtained better results 
with hydrate transitions carried out in 
adoption of this technique to thermogravimetric study 


removal of course of 


vacuo but the 


iS not easy 


The rate of dehydration is determined by two factors 

(i) The rate of water loss from the interface of the 
hydrate and its products 

(ii) The of diffusion of the molecules 
through the product. Topley (1932) 
have shown that the ‘impedance’ to the escape of 

has a considerable effect on the rate of 


rate water 


solid 


water 

the process 
Freeman and Carroll 
application of thermoanalytical 


investigation of rate processes. Equations were derived 


(1958) have discussed the 


techniques to the 


for irreversible reactions which may be used to calculate 
the energy of activation and the order of a reaction 
from thermogravimetric results. These workers have 
discussed the theoretical treatment of Borchardt and 
Daniels (1957) relating to the evaluation of these 
parameters from obtained by D.T.A 
modified their treatment so as to eliminate the trial and 
error procedure From thermogravimetric 


Freeman and Carroll derived the equation 


results and 


results 


E* dw 
\(1/T) \ log 
2:°3R dt 
(1) 


\ log Ww. \ log Ww, 


where E* is the activation energy of the reaction, x is 
the order of the reaction, T the absolute temperature, 


rOBER 196] 





intercept corresponding to \ T he idvantages ! 


evaluating these reaction parameters from thermo 


gravimetric results obtained with a linear rise in 


temperature are that considerably less experimental 


data is required than in the case of an tsothermal 
approach and the kinetics can be probed over an 
entire temperature range in a continuous manner with 
out any interruptions. These workers have studied the 
thermal decomposition of calcium oxalate monohydrate 
by this method. Lumme (1959) has studied divalent 
metal complexes and applied the Freeman-Carroll 
calculations most successfully 

Very few detailed investigations have been reported 


for organic compounds in the solid state. The forces in 


organic crystals are largely of the Van der Waals type, 


although in certain cases considerable electrostatic 
forces may be involved. The intermolecular forces are 
small in comparison to the energy required for bond 
dissociation. As a consequence melting and sublimation 
occur at relatively low temperatures so that one or both 
of these takes place before actual thermal decomposition 
Such changes imply a departure from solid state 
conditions and thus do not come within the scope of 
this discussion 
Essentially the decomposition of organic materials 
shows a number of characteristic differences from that 
of inorganic materials; 
(i) It never been that 
composition occurs at ‘nuclei only 
(ii) Decomposition is often accompanied by the 
formation of a liquid phase and hence a rapid 
increase in the reaction rate is observed 
Decomposition generally leads to the formation 
of some gaseous products In fact these reactions 


has established initial de- 


have received the most study 

It has been shown by Prout and Tompkins (1944) 
that the decomposition curves for organic materials are 
generally sigmoid in shape, although not for the same 
reasons as inorganic compounds. Interpretation has 
been based on a chain-reaction theory which accounts 
for the shape of the curve and the appearance of a 
well-defined induction period which has been observed 
in certain cases. The possibility of autocatalysis has 
been discussed by Garner (1955) 

The decomposition of many organic and inorganic 
materials is accompanied by the liberation of consider- 
able quantities of heat energy. If the rate of heat 
production is greater than the rate of heat loss to the 
surroundings (by convection and conduction) self- 
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Phase Rule ( onsiderations 


such we 
CuSO, SH 


sharp 1s 


rides 


pounds rave 


CatQOH I hese ' 


tinuities it poms in thre temperature cul py 


diagrams corresponding to the release of Auter 


vapour. However the inadequacy of the classical phase 
rule applied to solid-solid transformations has beer 
Ubbelohde (1957) 


certain energy terms, due to the presence of interna 


stressed by He pointed out that 
surfaces, and strains characteristic of many solids were 
not allowed for in the classical derivation of the phase 
rule. Inclusion of such terms has the effect of increas ng 
the number of degrees of freedom available to the 
system. Consequently the phase rule equation (2) should 
be modified as in equation (3) 


where <x refers to the additional degrees of freedom 


introduced. Transformations which behave in accord 


ance with classical thermodynamics are termed 
‘discontinuous’ and those which show no discontinuity 
are referred to as ‘continuous’, i.e. where there is 
evidence that ‘continuity’ arises through a coexistence 
of two distinct structures over a narrow range ol 
temperature in a hybrid single crystal. Such continuous 
best described 
formations from one structure to another 

Although the phase rule predicts sh rp decomposi 
tions at specific temperatures and pressures, the thermal! 
dehydration curves for many compounds are frequently 
sigmoid in shape Rounding of the curve in the early 
stages of dehydration (the ‘forewarning’ of a solid 
solid transformation) had been attributed to the influ 
ence of varying particle size upon the equilibrium 
vapour pressure of the solid, but Garner (1955) has 
argued that the phenomenon can best be attributed to 
kinetic factors such as ‘spontaneous nucleation’. It has 
also been suggested that the rounding of the terminal 
portion of the curve might be due to the retardation of 
water by strong adsorption on the dehydration product 
However, although it seems plausible to attribute small 
terminal losses to this cause it is probably not the main 
mechanism involved. Whatever the mechanism causing 
this type of behaviour its existence implies that con 
siderable care must be given to the interpretation of a 
thermogravimetric decomposition curve in which the 
probability of two reactions following one another is 
recognized. The use of a quasi-static method 


resolution 


transformations are aS smeared trans 


aids 
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The escape of water or other volatile products from 
a thermally decomposing solid involves a large increase 
in the entropy of the system (increase in disorder). This 
factor outweighs the influence of the change in enthalpy 
(heat content change) of the system, so that an endo- 
thermic forward process is possible. 
Thus the free energy A G is defined by the equation 
AG AH TAS (4) 
For endothermic reaction under these conditions A H is 
pecitive and relatively small, T A S is positive and large, 
and thus T AS SH ie. A G is negative and the 
reaction will proceed. For an exothermic reaction A H is 
negative and T 4 S is as before; thus A G is still negative 
and the reaction can occur 
The position of the equilibrium for a reversible change 
However 


will depend on the decrease in free energy 
even if the reaction takes place in an equilibrium 
system, the recombination process may be so slow as 
to make the decomposition virtually complete, i.e. it 
may be regarded as an irreversible process and the 


same argument may be applied 


BOOK REVIEWS 


Paper Electrophoresis. A Review of Methods and Results, 
by L. P. Ribeiro, E. Mitidieri and O. R. Affonso 
London Distributors: D. Van Nostrand Co., Ltd 
Amsterdam: Elsevier Publishing Company, 1961 
pp. 463 xii. 72 





Ss 


The book is a translation of a revised and enlarged 
version of a book on paper electrophoresis and related 
methods, written in Portuguese and published in Rio 
de Janeiro in 1958. As such it is bound to suffer from 
certain minor shortcomings due to the lapse of time 
and difference of style 

Although some references are as recent as 1959, it is 
quite evident that the comprehensive and thorough 
treatment of the literature must have stopped not later 
than 1958. In a fast-moving field of knowledge and 
applications such as in paper electrophoresis, this may 
make a book look slightly dated. 

On the other hand, due credit must be given to the 
authors for accomplishing the immense task of pre- 
paring a list of 3,226 references, in itself no mean feat 
One should have thought that after this the provision 
of the missing author index would have proved a minor 
effort. 

The concise and clearly-written theoretical part of 
the book should prove very helpful, even to the reader 
with little physico-chemical background. The influence 
of H. J. McDonald's book ‘lonography’ (1955) is 
perhaps too apparent. 

More than one-half of the text is devoted to electro- 
phoresis of proteins, particularly serum proteins, in 
clinical practice. The qualitative and quantitative aspects 


724 


LABORATORY PRACTICE 


It is important to stress the influence of the recording 
technique upon a pyrolysis curve (determined on a 
thermobalance) of a degradation carried out under 
constant pressure, especially if an attempt is made to 
interpret the various constants of the processes occur- 
ring in solid-solid transformations. 

Accurate D.T.A. measurements can be 
provide information regarding the heats of reaction 
Although the theoretical treatment is beyond the scope 
of this article, Smothers and Chiang (1958) have 
discussed the topic and discussed the applications fully 


used to 
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determination are lucidly 


Particular 


of their fractionation and 
explained, discussed and well illustrated 
emphasis is placed upon the discussion of reproducibility 
of results, accuracy, potential sources of error, and 
The 


wide 


merits or limitations of the various procedures 
authors’ are evidently backed by their 
experience in this field 

Of particular interest and value is the chapter on 
serum proteins under pathological conditions. Animal 
serum proteins, haemoglobins, lipoproteins and a host 
of other proteins are equally expertly described. Electro- 
phoretic techniques in a stabilizing medium other than 
paper, such as cellulose acetate membranes, starch gel 
and blocks. etc., are briefly but adequately explained 

A most useful part are the chapters on separations 
of enzymes, hormones and vitamins, containing highly 
desirable information on experimental conditions and 
results of successful applications of electrophoresis to 


these complex biochemical problems 


views 


It is rather unfortunate that the same degree of 
competence is not maintained throughout the entire 
book. The chapters on sugars, amino-acids, peptides, 
organic acids and inorganic ions are relatively short 
and create the impression that the authors did not 
discriminate effectively between essential and trivial 
information, thus perpetuating in print some of the 
outdated and already disproved results, whilst omitting 
some significant more contributions. Some 
obvious mistakes in quotations from papers on carbo- 
hydrates could have been avoided with the application 
of a little more care 

The publishers’ name is a sufficient guarantee for 
excellence of print, make-up and illustrations. The 
volume can be recommended as a useful edition to any 
clinical or biological chemist’s bookshelf.—p GROSS 


recent 
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METHODS FOR THE EVALUATION OF THE 
ANTI-BACTERIAL ACTIVITY OF SURFACE ACTIVE 
COMPOUNDS: TECHNICAL ASPECTS OF THE PROBLEM 
by J. G. Davis 


Davis & Partners, 


we JLG 


PART 


Ihe Phenol Coefficient Test with QACs 
Various explanations have been offered for the 
anomalies which arise when QACs are tested by the 
phenol coefficient method, including the following 
(i) Unequal distribution of cells due to 
(Klarmann and Wright, 1946). (11) Variations caused by 
surface tension effects in the volumes of liquids used 
(Klarmann and Wright, 1946, 1948). (iii) Reactions 
between constituents of the medium, e.g. phospholipids, 
and the QAC (Brewer, 1943). (iv) “Carry over’ of QAC 
in sufficient quantities to exert a bacteriostatic effect 
This effect may be reduced if not eliminated by trans- 
ferring small amounts of the medication liquid to a 
large excess of growth medium (Klarmann and Wright, 
1946; Resuggan and Davis, 1947). (v) Agglutination of 
the bacteria and adherence of the charged clumps of 
glassware (Klarmann and Wright, 1946) 
rubber or paraffin wax coated 


adsorption 


cells to the 
The use of plastic, 


glassware does not seem to give results different from 


those obtained with ordinary glassware (Lawrence, 
1950, p. 56) and the substitution of pipettes for loops 
only slightly improved reproducibility (Tice and 
Pressman, 1945). (vi) The occurrence of foaming 
Pressman and Rhodes (1946) mixed the solutions by 
rotation of the tube and, using a pipette transfer plating 
method, claimed to have obtained very uniform results 
(vii) Persistence of a bacteriostatic effect in the growth 
medium (cf. section 4, c). To avoid any possibility of 
this, inactivators may be added to the medium 
(Armbruster and Ridenour, 1947; Quisno er a/. 1946; 
Stuart, 1947). (viii) The appearance of false positives, 
i.e. the occasional occurrence of growth not in con- 
formity with the general pattern of the results. Various 
theories have been advanced to explain these (cf 
Klarmann and Wright, 1946, 1948), but such results 
must be due to factors such as the survival of the 
occasionally occurring highly 
agglutination of cells to form a cluster which results in 
the inner cells not being attacked by the germicide, the 
protection of a few cells by deposition of media con- 
Stituents, and/or the agglutin ition of cells, so that the 
Suspension is no longer uniform and the random sam- 
pling error of the loop or pipette becomes very large 

Quite apart from criticisms of the phenol coefficient 
method which apply specifically to surface active 
compounds, there are other points to be considered 
First, if the test organism is by nature resistant to 
phenol, a high phenol coefficient may be obtained for a 
substance which is only moderately effective against that 
organism. Second, the presence of organic matter, use 


resistant cell, the 
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at other temperatures, and other changes in conditions 
may give markedly different results if the basic phenol 
coefficient method is thus adapted, e.g. as in the Chick 
Martin test. Phenol coefficients for QACs obtained by 
the F.D.A. method (Ruehle and Brewer, 1931) vary 
from about 100 to 500 at 20 , and from about 200 to 
1,000 at 37 (Lawrence, 1950, p. 64). Third, as the 
phenol coefficient method expresses a result in terms of 


preparations which are solutions of 


pure phenol, 

germicides and are tested as such therefore appear less 
effective than if the active substance(s) 
While manufacturers doubtless realize this tt does not 
follow that officials and users generally do 

Modifications of the phenol coefficient method to 
overcome these disadvantages have been proposed by 
Barber and Harris (1948), Barber ef a/. (1947), Cade 
(1947a,b), James (1947), Eckfeldt and James (1947), 
Klimeck and Umbreit (1947), McCulloch (1947a,b), 
McCulloch et a/. (1948a,b), Quisno et al. (1947a,b) 

In assessing the true value of QACs as disinfectants 
it is essential to give consideration to the rather 
involved technical arguments advanced by workers in 
this field. It should also be borne in mind that not all 
workers and authors are free from commercial bias 
The crux of the problem seems to be that ever since 
1903 many workers in the disinfectant field have failed 
to realize that the phenol coefficient method was only 
intended to form a basis for assessing the power of 
phenolic disinfectants, or of disinfectants acting like 
phenol on bacteria. These are less affected by organic 
matter and have a broader bacterial spectrum than 
certain other types of disinfectant. Moreover, they are 
more stable chemically than some 

However, as an example of the usefulness of the test 
when properly understood, one may quote the practical 
value of using a disinfectant at a dilution of 20 times 
the Rideal-Walker coefficient. This is based on the fact 
that 5 per cent phenol is generally recognized as an 
efficient disinfectant (Stuart et a/. 1955) 

The logical development of this thesis is that while the 
basic principle of the Rideal-Walker test, which is the 
use of a chemical yardstick, should be retained, each 
group of disinfectants should be considered de novo 
both from the point of view of the chemical yardstick 
and the end point adopted. The most suitable yardstick 
would appear to be the simplest of the homologous 
end 


were tested 


series for the particular group concerned. The 
point should be governed by the purpose for which the 
disinfectant is designed, and especially whether 
bactericidal or bacteriostatic properties are the prime 
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interest. All conditions such as temperature, time, 
amount and type of organic matter should be adjusted 
to be as near to the conditions of use as possible 


TABLE Vill 


Possible reference substances for germicide assessment* 
Type of germic ide Reference substance 

Phenol 

Sodium hypochlorite (de- 
termined as available 
chlorine) 

Cetyltrimethylammonium 
chloride 

Sodium stearate 

Dodecy|-$-alanine 

Merthiolate 

Sodium hydroxide 

Hydrochloric acid 

Ethyl! alcohol 

Formaldehyde 

Ethylene oxide 


Phenols 

Substances giving ‘free 
chlorine’, halogens, 
iodophors 

Quaternary ammonium 
compounds 

Anionic 

Ampholytic 

Mercurials 

Alkalis 

Acids 

Alcohols 

Aldehydes 


Gases and vapours 


*The stability of some of these suggested reference 
substances may be a problem (Hirsch and Muras, 


1955) 


Possible basic reference substances for various types 
of germicide are given in Table VIII. On this basis all 
germicides would be assessed in comparison with the 
reference substance under defined conditions of testing 


6. Reproducibility 

The lack of reproducibility in all tests of QACs, 
irrespective of the type of test, is well recognized and 
the question of the number of replicates required is 
often difficult to answer because of the variety of tests 
A simple statistical treatment is possible of the results 
of tests giving a simple number, e.g. a percentage kill 
or a limiting dilution, but with tests such as the phenol 
coefficient, which have wide ‘gaps’, statistical treatment 
is more difficult. Lack of reproducibility in colony 
counts is taken into consideration in the standard 
formulae for calculating the significance of differences 
between means, but false positives present a difficult 
problem. In sorting tests at three consistent 
experiments should be made, but making the decision 
as to when a result is so inconsistent as to be unreliable 
is difficult. The experienced worker will usually sense an 
unsatisfactory experiment, but some degree of sub- 
jectivity is unavoidable 


least 


It is usually possible to compare two preparations 
using any one method, and to decide which is superior 
Unfortunately another method may reverse this order, 
and the best procedure then is to base a conclusion on 
the result given by the method in which the practical 
conditions of use are most nearly approached 

In alllaboratory tests greater accuracy can be expected 
if the same workers are doing the same tests regularly 
The first results by any worker should always be 
discarded unless they agree with those of subsequent 
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tests. Data on the accuracy of the standard tests have 
been given by Stuart er a/. (1958) 

We again emphasize that caution should be exercised 
in the interpretation of any laboratory test of a dis- 
infectant, even if the test is designed to approximate as 
closely as possible to working conditions. As a guide, 
we may suggest that if in any laboratory test one 
disinfectant appears to be at least 10 times as effective 
as another, then that disinfectant will probably be 
superior in practice 


7. The Ultimate Objective 

All disinfectants and antiseptics are used to prevent the 
infection of animals or plants, or to prevent the spoilage 
of food. The ultimate criterion must therefore always 
be to discover whether the proposed germicide, used as 
directed, this purpose. No two practical 
applications of germicides are ever exactly alike, and it 
is often difficult to standardize all factors under actual 
working conditions. The value of laboratory 
threefold; they enable manufacturers and others to 
make preliminary sorting tests, they permit scientists to 


achieves 


tests 1S 


compare results from different laboratories, and they 


enable manufacturers and distributors to 
numerical data in support of their claims 

It will be clear from the evidence which has been 
adduced on the factors which may affect the efficiency 


nearer the 


quote 


of surface active compounds that the 
laboratory test approaches the conditions of use the 
more valuable will be the test. The quantity assessed 
should also be the desired objective. For example, if the 
incidence of infection or the incidence of failures in a 
food keeping quality test is reduced to nil, it is really of 
only academic interest if laboratory tests involving 
inactivation procedures show that pathogenic or food 
spoilage organisms are surviving in small numters 


8. Conclusions 
Careful study of the available evidence leads to the 
following conclusions 
(i) No single test is adequate to express either the 
fundamental or practical value of a disinfectant 
(ii) The QACs vary so much in their properties that 
it is highly dangerous to generalize about any 
aspect of their behaviour 
The nearer the laboratory test approaches the 
conditions of use, the more reliable the test is 
likely to be 
In order to permit estimates of efficiency and to 
justify claims by manufacturers, one or more 
standard reference methods should be adopted 
It is unlikely that any one reference method 
acceptable to all manufacturers, 
testing organizations and users. Each industry 


would be 


or field of interest may require its own reference 
method, and there should be no objection to this 
Before accepting a germicide, or a recommended 
method for using that germicide, use tests should 
always be made under adverse conditions to 
ensure that the objective claimed is achieved 
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9. Recommendations 
It is highly desirable that all purchasers of a disinfectant 
(using the term in its widest sense) should be given 
adequate information about its potency. A precise 
analysis would be useful to chemists, but of little value 
to others. Moreover, some manufacturers would object 
to this, and some disinfectants cannot be described in 
precise chemical terms 

Just as the Labelling of Food Order (1953 Order) 
requires certain disclosures of and 
restricts claims for nutritional value, so the Pharmacy 
and Medicine Act (1941 Act) requires disclosure of the 
formula for certain types of disinfectant; but with both 
foods and disinfectants chemical formulae may mean 
little to the general public, and skilful advertising can 


composition, 


get round the legal restrictions 


If it is accepted that it would be impracticable to 
require disclosure of formula, and that no one test is 
adequate to assess the value of a germicide, it would be 
logical to require all manufacturers to state potencies 
in terms of at least two tests, and at least two types of 
organism. It should not be difficult for an official and 
unbiased organization to prepare short lists of such 
tests and of suitable type cultures. This would not 
preclude manufacturers from offering information 
based on the results of other tests, but it would prevent 
misleading advertising framed on, say, Rideal-Walker 
tests where such a test result may mean very little, and 
claims such as a 99-999 per cent kill which, without 
specifying the technique used, may mean nothing at all 
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LABORATORY 
EQUIPMENT & APPLIANCES 


A New Laboratory 
Grinding Mill 


A universal laboratory mill for the dry 


or wet grinding of batch samples of 


solid substances to the degree required 
for analysis purposes has now been 
developed. 

The mortar has a volume of 625 cu. 
cm. and, when the mill is closed, 
accommodates about 100 cu. cm. 
material with an initial maximum 
particle size of about 5 mm. and if the 
lid is not completely closed, the mill can 
pre-grind from larger size. The grinding 
components proper (mortar and pestle) 
are made, according to choice, of 
laboratory porcelain, steel (either 
hardened or stainless acid-resistant), 
‘AF-sintered sapphire’ (in two grades), 
agate or tungsten-carbide (WC-+ Co) 
For analytical applications, where abra- 
sion must be kept to a minimum, and 
for the long-term grinding of samples of 
a highly abrasive material, agate is 
recommended because of its high wear 
resistance. Agate (SiO>) is a relatively 
good heat conductor, so components of 
this material are also recommended for 
grinding heat-sensitive substances. For 
cases where the abrasive strength even 
of agate is insufficient, e.g. in trace 
analysis, tungsten-carbide is the most 
abrasion- and wear-resistant material 
known. It contains less than 0-1 per cent 
iron, but is costly 

The grinding components (mortar and 
pestle) can obviously be cleaned easily 
because smooth surfaces only are 
involved. They can moreover be re- 
placed in five seconds which is an 
advantage particularly when various 
sets of grinding components are used 
alternately 
adjusted 
value by 


Grinding pressure can be 
and later re-set to the same 
means of a sliding weight, hard material 
being ground under high, and ‘sticky’ 
material under low grinding pressure 
(Registered Design). A special double 
scraper has been designed for grinding 
mixing/homogenizing/dispersing very 
small samples (maximum 10 cu. cm.), of 
materials that are very difficult to grind 
(‘sticky’ substances), e.g. pigments 
resins, graphite, etc 

The mortar is enclosed up the 
upper rim and thereby protected and 
kept in position. The grinding process 
can be observed through a large 
Plexiglass window in the lid. Below this, 
a transparent hood immediately above 


to 


730 


The Pulverisette 2 grinding mill. 


the mortar prevents the ejection of 
material during grinding (German 
Patent). In addition, the hood makes a 
dust-proof seal with the frame so that 
even corrosive and dusty samples can be 
ground without The motor and 
grinding cavity are enclosed so that the 
machine operates with a minimum of 


nose 


loss 


The mill ts fitted with a time switch to 
provide fully automatic operation once 
the material has been fed in and the 
grinding pressure set 

As regards economy of operation, it 
should be emphasized that the labora- 
tory mill described has been proved in 
practice and, by virtue of its design, 
represents genuine rationalization § of 
laboratory grinding so that the machine 
will pay for itself very quickly. Laborious 
hand grinding and inaccurate results are 
eliminated; the results obtained are 
precise and may be repeated as desired 
(Manufacturers: Alfred Fritsch, Idar- 
Oberstein 1, WHauptstrasse 542, W 
Germany; Sole Agents: V. A. Howe & 
Co., Ltd., 46 Pembridge Road, London 
W.11.) 


In the new Elgastat B.112'UV mixed bed 
deionizer illustrated on the right the 
main water enters at a point at the back 
of the unit and is drawn from the outlet 
next to the valve on top of the casing. A 

two mixed bed ion exchange cartridges 
in series. B—conductivity cell. C—two 
channel U.V. sterilizer. D— transformer. 
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Mixed Bed Deionizer with 
U.V. Sterilizer 


The new Elgastat B.112/UV mixed bed 
deionizer provides purified water B.P., 
ultra pure water, and sterile deionized 
water for pharmacy, biochemistry 
physiology, cytology, biology, agricul- 
tural and horticultural and 
chemistry 

To prevent any possible organisms 
entering the system, the tap water first 
passes through an ultra violet tube 
From there it is guided through two 
mixed bed ion exchange cartridges. The 
deionized effluent through a 
second channel in the U.V. tube to the 
draw off point 

A conductivity meter indicates effluent 
quality throughout usage. Effluent purity 
is consistent at a minimum of 10 
megohm-cm. For sterile effluent, the 
U.V. lamp is switched on and a panel 
signal confirms its operation 

Flow rate is up to 250 litres per hour 
No regeneration in situ is essential, the 
Elgastat cartridge service applies to this 
deionizer. Yield between cartridge ex- 
changes depends upon the dissolved 
solids in the raw water; in hard water 
areas some 400 litres may be drawn, in 
water areas up to 4,000 litres of 
sterile deionized effluent are available 
between cartridge exchanges. To main- 
tain sterility, the draw off pipe is 
removable for sterilizing. The unit is 
fully mobile on castors and measures 
42 in 18 in 13 in. Price is £150 
(Manufacturers: Elga Products Ltd 
Lane End, Bucks.) 
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M&B LABORATORY CHEMICALS 
rene and REAGENTS 


Manufactured by 


MAY & BAKER LTD 


DAGENHAM ESSEX Tel: DOMinion 3060 Ext 320 


GODDEN HEATERS 


™ 


M. H. GODDEN (CHELTENHAM) LIMITED 


BOUNCERS LANE PRESTBURY CHELTENHAM TELEPHONE CHELTENHAM 7202 3 
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General 


New School Science Block 

Girls are taking a growing interest in 
chemistry and scientific subjects in 
schools, but need the added encourage- 
ment of pleasant, light and airy 
laboratories which many schools have 
lacked in the past. This is the view of 
Mr. R. G. Jones, B.Sc., master in charge 
of chemistry at St. Christopher School, 
Letchworth 

Looking round the new science block 
at the school, which has been in use for 
only a few weeks, he forecast that this 
purpose-built department would attract 
more and more girls. 

An acoustic-tiled ceiling, ventilating 
fans, and wide picture windows over- 
looking the school playing field make 
the main laboratory a pleasant work- 
room. Careful design of the benches, 
with a_ central trough, individual 
storage drawers and cupboards, Bunsen 
burner points and service outlets, 
ensure that all the necessary facilities 
are available for a class of 20 students. 

Commonly used chemicals are kept 
in two bays of shelving at one end of the 
laboratory, separated by a wide screen 
for the projection of demonstration 
films and slides. To cope with the many 
different sizes and shapes of bottles 
required, the Spur adjustable shelving 


FAS fk. 


system has been incorporated, not only 
in the main laboratory, but in a storage 
room to one side and in another 
adjoining room where reference books 
are stored 

Grey Spur wall-mounted uprights and 
brackets are used throughout, with 
300 ft. of matching Spur metal shelves, 
on which are accommodated stocks of 
chemicals ample for instruction § in 
chemistry subjects up to University 
Entrance standards. 

Architect for the new science block 
was William E. Barnes, F.R.1.B.A. The 
shelving used in the laboratory and 
adjoining rooms was manufactured by 
Savage & Parsons Ltd. and supplied 
through the Standard Range and 
Foundry Co. Ltd. 


Personal Notes 





Shippam Appointments 

With the continued expansion of the 
company two new Directors have been 
elected to the Board of C. Shippam Ltd. 

Dr. F. H. Banfield becomes Technical 
Director and Mr. Peter H. Fleck, 
Marketing Director 

Dr. Banfield, who has been at the 
British Food Manufacturing Industries’ 
Research Association for 35 years, and 
Director for the past 10 years, 1s of 
course a leading figure not only in the 
food industry in this country but also in 
food manufacturing circles all over the 
world. Mr. Fleck has been the Com- 
pany’s Marketing Manager for the past 
four years 


CATALOGUES, BROCHURES & LEAFLETS 


Received from Manufacturers 


Laboratory Furnishings.—Camlab 
(Glass) Ltd., of Milton Road, Cam- 
bridge, have issued the second edition 
of their catalogue, a substantial part of 
which has been devoted to both new 
and capital equipment. As laboratory 
furnishers, the company hold extensive 
stocks of every-day requirements and 
the company will always be pleased to 
forward up-to-date price lists from the 
main producers. 

Laboratory Chemicals.—The British 
Drug Houses Ltd. of Poole, Dorset, 
have just issued their 1961 catalogue 
(354 pages) of laboratory chemicals 

Lead for Atomics.—In a new brochure 

‘Lead for Radiation Protection’ 


Associated Lead make available in 
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A pupil at St. Christopher School, Letchworth, conducts an experiment in the new 
science block. 
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concise form up-to-date information 
about lead in the field of atomics. This 
brochure gives much technical informa- 
tion on the mechanical properties of 
lead, the forms of lead shielding bricks 
available and some of the alternative 
methods of providing reactor shielding 
A section is also devoted to a new 
material called Densithene which is now 
being produced by Associated Lead and 
which is a composite lead/polythene 
product of particular importance in 
dealing with neutron and gamma-ray 
shielding. A special section deals with 
the use of lead in x-ray work. This 
booklet is available from Associated 
Lead Manufacturers Ltd., Clements 
House, 14 Gresham Street, E.C.2 
Engineering Laboratory Equipment 
A combined density and moisture 
surface meter of special interest to 
engineering laboratories, is one of many 
new and varied instruments illustrated 
in a Catalogue just issued by Engineering 
Laboratory Equipment Ltd., 285 Ealing 
Road, Alperton, Wembley, Middlesex 
The catalogue (Publication No. P 
2122) comprises eight sections covering 
such varied subjects as soils, concrete 
and powders. There are sections also on 
mobile laboratories for use on sites by 
building and civil engineering con- 
tractors and public authorities 
Carl Zeiss Works Magazine 
Carl Zeiss Werkzeitschrift contains 
much to interest the scientist. Articles in 
the current issue include ‘Electron Beam 
Tools of Modern Technology” by K. H 
Steigerwald, “Use of Low-magnification 
Luminars for Survey Photographs’ by 
Dr. J. C. van de Kamer, ‘Use of Optical 
Measuring Instruments in Breweries’, 
and an article by Prof. M. Diem 
‘Concerning the Measuring Technique 
of Cloud Structure and Precipitation’ 
The magazine is published in English by 
the Carl Zeiss Foundation, jand is 
available free of charge from Degen- 
hardt & Co. Ltd., U.K. agents for Car] 
Zeiss, 6 Cavendish Square, W.! 
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Astell 
low temperature 
incubator 


See this, and other items of the Astell range 
of specialised equipment for the testing of 
dairy and other food products at the 





Dairy Show, Olympia 


Stand 185 


Astell Laboratory Service Co. Ltd 
172 Brownhill Road, Catford, London, S.E.6. 
HITher Green 4814/5 


MODEL M.91 

Max. temp. 1050°C 

Tube length 12 

Tube dia. 2 

Rating 0.8 kW 

(Model M.93 has a tube length of 
kW.) 


20° and a rating of 1.2 


WILD 
Baw? 0] FOR ALL HEAT-TREATMENT EQUIPMENT 


WILD-BARFIELD ELECTRIC FURNACES LIMITED 


ELECFURN WORKS * OTTERSPOOL WAY * WATFORD BY-PASS * WATFORD * HERTS. Phone: Watford 26091 (9 lines) Grams: Elecfurn, Watford 
WBII? 
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MODERN EQUIPMENT-OUTSTANDING PERFORMANCE 


The latest Hearson oven has a stainless-steel inner liner 
15” wide x 15° deep x 18” high and is complete with 
two shelves. The shelves and supports are completely 
removable for ¢ leaning purposes. Effective temperature 
range is up to 200 C with hydraulic thermostat control 
ensuring a performance within the requirements of 
BS2648. An air circulation fan is available as an 


opt ic ynal extra. 


Charles Hearson & Co. Ltd. 


WILLOW WALK BERMONDSEY 5.b.1 


Tele ! ne Bermor SCV 4494 


MAKERS OF THE BEST LABORATORY EQUIPMENT SINCE 1883 





CHARLES PERRY 


STEREOSCOPIC MICROSCOPES 


Prefect 
No. 4 


SS 
QAOOOSSSTT 


5 Models available 
Double Nosepiece 


6 Objective 
Powers 


3 Eyepiece Powers 


Price Range £49 


DDISONTTEGRYAIROR = | wiserisworview 


ULTRASONIC Long Working 
Cc LEAN ER Distance 


Very high frequency sound waves, above the audible range Stereoscopic 
are employed in the DiSONtegrator to achieve absolute Vision 
cleanliness of many delicate or difficult-to-clean items and 
complete assemblies in a matter of seconds. The equipment Fully illustrated 
comprises an electronic generator and a } gallon—120 gallon literature available 
cleaning tank incorporating one or more transducers creating 


Sk s s . ri < ubbles or sect » clean- 
tng solution. Por full details of this amazing process or a demon CHARLES PERRY & COMPANY LTD. 


ing solution. For full details o s or a demo 


stration at your own works, write or phon 34-36 MONSELL ROAD - LONDON N4 
HEADLAND ENGINEERING DEVELOPMENTS LTD CANONBURY 3412 


DEPT DI ELECTRO-MECHANICAL DIVISION MELON ROAD, 
LONDON, 8.B.15. TELEPHONE : NEW CROSS 4300 DHB 8051 
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‘Biodiscs’, for determining the sensitivity 
of micro-organisms to anti-microbial 
agents, are produced by the British Drug 
Houses (Canada) Ltd. They are obtainable 
in the United Kingdom and other coun- 
tries through the B.D.H. Laboratory 
Chemicals Division: in Canada and in the 
United States they are marketed by the 
British Drug Houses (Canada) Ltd., 
Toronto 


BIODISG 


TRADE MARK 


SENSTETVITY 
TABLETS 


Their composition ensures uniform 
potency, a reproducible release rate and 
improved stability, since the method of 
manufacture is capable of the precise 
control employed over potent medical 
products for therapeutic use 


‘Biodiscs’ are tablets and not paper discs 
Thev adhere readily to the agar and do 
not fall off when plates are inverted. They 
are issued in high and low potencies for 
most ymmonly used antibiotic agents, 
and supplied in vials of fifty at 7s. 6d. 


per viai 





BDH THE BRITISH DRUG HOUSES LTD 
B.D.H. LABORATORY CHEMICALS DIVISION - POOLE - DORSET 


Compare this new Multi-purpose Lab- 
oratory Mixer with any other. IT 
WILL Mix—Emulsify—Homogenize 

Gel—Suspend Disintegrate and Pl MP 
at high speeds of up to 250 gallons per 


T 


hour. Capacity from 8& fl. oz. to 8 galls 


ITS PERFORMANCE WILI 
ASTOUND YOU—PROVE 
It FOR YOURSELF 


Research—test— perfect your new pro 


duct with the Laboratory mixer—then 


. Straight into production with confidence 
ion ; and certainty using the larger Silversos 
_—_—— > Multi-purpose Mixer Emulsifier Mach 
, ines, which are available for batches of 
Development. . pn 
e 


The SILVERSON MULTI-PURPOSI 
HIGH SPEED MIXER AND 


THAT WILL REVOLUTIONIZE EMULSIFIER range from } h p. to 
LABORATORY MIXING THE » a6 to . 
WORLD OVER! 2) Nf 





For more information, send for free copy of Silverson’s ‘Modern Mixing Methods’ 


MACHINES 55-57 TOWER BRIDGE ROAD 
LONDON S.E.1. 
SILVE RSON (SALES) LTD Telephone: HOP 1777 
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BAUSCH & LOMB 


ae PORTALAB’ 


PORTABLE CHEMICAL LABORATORY 


DESIGNED BY DR. H. MEDINGER 








| A complete chemical laboratory, containing 
| ample apparatus and approximately 100 chemi- 
cals for work covering the various examinations 
. | in Chemistry (Ordinary-level and Advanced- 
Stereomicroscopes | level G.C.E., National Certificate, etc.). 
Equipment includes complete apparatus for 
FLAT FIELD—No loss in depth | Gas Preparation, Polythene Pneumatic Trough, 
and no re-focusing needed when | Liebig Condenser for Distillation, Thermometer, 
| 
| 
| 
| 
| 
| 


: ” Continuously 
Variable Power 


changing power. Graduated Flask, Burette and Pipette (Class B) 
for Titration, Combustion Tube and Boat, Blow- 
pipe, Stainless Spatula, etc. 

Dimensions: 21" « 15° « 9 Weight 33 Ib 
Sturdy construction 

In fitted, polished ply-wood case, with lock and 
key 

Further particulars and price on application 


LARGE WORKING DISTANCE 
—Up to 8” with the 0-5 « attach- 
ment lens. 


MODERN FUNCTIONAL 
STAND—simple, rigid and 
well balanced. Focusing is 
smooth and positive with 
extra wide rack and pinion. 


“a many orer = AIMER PRODUCTS LTD ‘instr: 


Send for EXCLUSIVE FEATURES 
ae ee 56-58 ROCHESTER PLACE, CAMDEN ROAD, LONDON N.W.1 


BAUSCH & LOMB OPTICAL CO. LTD Telephone: GULLIVER 3618 ond 6466 


GENERAL BUILDINGS, ALDWYCH, WC2 

















INSTRUMENT 


soe (FBT GEARS 


PRECISION MACHINE CUT 





*‘*CRISTA”’ PIPETTE SHAKER 
with 
Interchangeable Heads 


6243 


For = ' 
PIPETTES = §P 

KAHN TUBES . 

BOTTLES Details on request co MPONE NTS 
HAWKSLEY & SONS LIMITED Telephones 5 HIGH STREET, 


ae ania KINGS HEATH, 
17 NEW CAVENDISH ST. LONDON WI TT ied BIRMINGHAM . 14 
ee, 


WELBECK 8557 
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CHRIST HERAEUS 
PICCOLO CENTRIFUGE DRYING OVEN FT 420 


6 x 15 ml Angle Head Inside 16° x 14° x 12° 
5,000 r.p.m. Temperature 220°C. Accuracy -4C. 


7 


Superior to § | 
all B.S. oe * 
~ _<“ requirements. 
~ @ —- 

Price £19.10s. 
complete with tubes PRICE £68 complete 


a M a ____ Hudes Merchandising Corporation Ltd. 
° ° . The Scientific Instrument Centre 


52 GLOUCESTER PLACE, LONDON, W.1 
WEL. 0431/2 


BEECROFT RANGE OF 


PVC PLASTIC BUNGS 


are being used in research departments 


EVERYWHERE 
write or phone for details and samples:- 


BEECROFT & PARTNERS (METALLURGISTS) LTD. 
RETORT WORKS, SUFFOLK HOUSE, SUFFOLK ROAD, SHEFFIELD 2 
Phone: 29686 (3 Lines) Telegrams: ‘RETORT’ Sheffield 2 
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is for... 


CLINOSTATS -light but strong with speeds suitable 
for all Geotropism and Heliotropism experiments 


CRUCIBLES in Sillax porcelain, five sizes glazed 
inside and out 


CHEMICALS, Dry stains, Test reagents, Culture 
solutions, Enzymes and Glandular extracts, Carbo- 
hydrates 


CLAMPS for the laboratory in various sizes 


CORK SHEET for mounting, in three gauges 


Another selection from the vast range of laboratory 
supplies stocked by 


T. GERRARD * inc" 


46-48 Pentonville Road, London N.1 
Telephone: Terminus 8006/7 








FOR THE LABORATORY 


HY-FLO small capacity SILENT 
single and twin piston type electric air 
and vacuum 
pumps used in: 


HOSPITALS 
© 
LABORATORIES 
s 
SCHOOLS 
” 
INDUSTRY 
MODEL ’B’ 
Twin Piston 


Technical leaflet available on application 


MEDCALF BROTHERS LTD 
Cranborne Road, Potters Bar, Middlesex 
Telephone: POTTERS BAR 56925 











JENA GLASSWARE 


THE FINEST LABORATORY GLASSWARE 
AT AN ECONOMICAL PRICI 


ANDERMAN & Co. LTD 


Battlebridge House, 87-95 Tooley Street 
London, S.E.1 Telephone HOP 0035 





Are your bottles 
zeally clean? 


If not, the Adelphi Bottle Washer 
is possibly the answer. There are 
four different mountings to choose 
from, either hand or foot operated. 
Optional accessories make 

this Washer so versatile as to 

rinse most articles from a 
Hypodermic Needle to a 
carboy. Easy to install, use 

and maintain, and of lowcost. 
Brushing Machines are also 
available. 


; 4, o s and 
ourra mpoule Equip- 
ment ty and Vacuum 
F ng Apparatus etc. gladly ‘ 
sent on request 


ADELPHI MANUFACTURING CO., LIMITED 


Pharmaceutical and Laboratory Equipment Specialists 
20/21 Duncan Terrace, London, N.1. TEkminus 2959 & 9459 
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porcelain ball mill pots 


These new type ball mill pots with flat ground tops 
and flat ground interchangeable covers are already 
popular with a large number of satisfied users. Made of 
hard porcelain with the excellent properties of resistance 
to corrosion and abrasion and freedom from contam- 
ination. Ideal for dry or wet grinding ceramic colours, 
chemicals, paints, pharmaceutics, etc 


Available from 1-pint to 5-gallons nominal capacities 
Supplied complete with nickel plated metal fittings 
and with or without ball charges. Nickel plated metal 
pourers for separating ball and material charges are 
available for all sizes of ball mill pots 


| Ws Ya DN DP 


Write or telephone Crawley 25166 for List PP2510 


THE PASCALL ENGINEERING CO LTD 
GATWICK ROAD - CRAWLEY - SUSSEX 
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IS THIS THE 
SMALLEST * 
Rt 


* ONLY 24° LONG OVERALL 
* FINE CONTROL 
* FINGER-LIGHT OPERATION 
* STAINLESS STEEL 
* TESTED AT 1000 p.s.i. 


* POSITIVE SHUT-OFF 


These 4° Needle Valves are high instruments 
which have been developed for use in the chemical and allied 


They are fitted with easily replaceable P.T.F.t 


precision 


industries 
seats or with metal seats according to the conditions under 
which they are to be used and are available with either angle 
or straight through connections. Other types of Needle 
sizes with replaceable nylor 


Valves are available in }° or 4 


P.T.F.E 


or metal seats 


F. J. HONE & CO. LTD. 


19 ELDON PARK, LONDON, S.E.25 
Tel. ADDiscombe 3117 


Manufacturers of Test Equipment for the Petroleum Industry 
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GREENS’PURE 
FILTER \/PAPERS 


are 
Competitive in Price and made 
to published standards. 


Ask for free descriptive book 
18 G.60 which gives you the 


specifications. 





J. BARCHAM GREEN LTD. 
MAIDSTONE - ENGLAND 














© AMAZING SUPPLENESS 
© SHORE HARDNESS 38 
©@ SENSIBLE {° HOLE SIZES 
@ PLAIN, 1 OR 2 HOLES 


@ IN SILICON RUBBER T00 IF 
REQUIRED 


GREY-BLUE, FIRST MAJOR ADVANCE 
IN RUBBER BUNG DESIGN 


You must get ful! details of these competitively priced bungs from 


JENGONS oF weme. nepsteao - HERTS “SEHCOR 





ATTACHMENT CAMERA 
for 


PHOTOMICROGRAPHY 


35 mm. or plates 


* Versatility __ 
* Speed 
* Quality 


R. & J. BECK LTD 


69/71 MORTIMER ST - LONDON W.1 
Pre-eminent for more than a century 


Fachzeitschrift 
fur das Laboratorium 


This journal aims at the same object for the German 
readeras LABORATORY PRACTICE does for 


readers in Great Britain. 

The articles in G-I-T are devoted to specialists 
in laboratories and to manufacturers of every kind of 
laboratory instruments. 


Are you interested in a specimen number ? 


Please write to: 


Hoppenstedt Wirtschaftsverlag G.m.b.H. 
Darmstadt, (W. Germany), Havelstr. 9 
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4 fock PORTABLE 
_ CONDUCTIVITY 
7 BRIDGE TYPE BC 1 


This fully-transistorised instrument 
has a bridge frequency of 1500 cycles per 
second, and it covers directly the wide 
range of 0:5 to1 10° micro mhos in 7 
ranges. 


A similar bridge, but powered from 
the A.C. mains supply, is also available. 
This covers the very wide range of 0-05 
to1 10° micro mhos in 8 ranges. 


OCK EuecTaON 
INSTRUMENTATION 


A. M. LOCK & CO. LTD 


79 Union Street, OLDHAM, Lancs. 
Telephone: MAIn 0333 (5 lines) Telegrams : ‘LOCKTRONIC’ 


CW 7751/AM 





MEASURING 
CYLINDERS 


in Nalgene* 


Polypropylene 


Specially designed thermometers for all ; 
Laboratory purposes — 
Made in accordance with 1.P., B.S.1. 
S.T.P.T.C. & A.S.T.M. specifications. 
Short range, short stem, Calori- ; 
meter and Secondary Reference = Polypropy — 
—— Precision Hydrometers transparent than con- 
N.P.L. Certified if Ser Gansten, Specie ventional polythene 
requires. Gravity and all Arbitrary <a 
ees j Flat meniscus—easy to 
y Glass sheathed Insulated thermo- e read. 
P meters for Chemical! purposes : eo 


Accuracy Guaranteed 
tol 


Mercury in Steel, Vapour Pressure and : Moulded Graduations 
Bimetallic thermometer. Octagonal Bases 
Unbreakable 


Heat Resistant 
up to at least 130 ¢ 


G. H. ZEAL LTD. N-LON PRODUC TS 


48 GILLINGHAM STREET, LONDON, S.W.1 
LOMBARD RD., MORDEN RD., LONDON, S.W.19 VICTORIA 7412/5 


Phone: Liberty 2283/4/5/6 Grams: Zealdom, London, $.W.19. * Nalgene is a Regd. Trade Mark of the Nalge Co. Inc 
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CLASSIFIED ADVERTISEMENTS 
continued from page 744 





SITUATIONS VACANT (contd). 
HIEF CHEMIST required by com- 
pany manufacturing seasonings and 

spices for the meat trade; the successful 
applicant should be capable of carrying 
out a wide range of analytical determina- 
tions, controlling recipes and experi- 
mental work with flavours; a degree in 
Chemistry and considerable experience 
in the food industry essential, and age 
would probably be in the region of 
30-45. Apply in writing giving age, salary 
required, and full details of experience 
to the Managing Director, Lucas 
Griffiths Laboratories, Moravian Road 
Kingswood, Bristol 


Wright-Fleming Institute of Microbiology 
St. Mary’s Hospital Medical School, 
London, W.2. 
Applications are invited for the post of 
Chemist, full time or part-time, to be in 
charge of a unit engaged in routine work 
on cellulose esters. Preference will be 
given to candidates holding a University 
Degree in Chemistry or Physical 
Chemistry or an equivalent qualification. 
An attractive salary will be paid to the 
right person in accordance with qualifi- 
cations and experience. Children’s allow- 
ance payable if eligible 

Further details of this appointment 
may be obtained from the Secretary, to 
whom application should be made 


University of Otago, 
Medical School, 
Dunedin, New Zealand. 
Department of Pathology (Morbid Anat- 
omy & Histology) 
Applications are invited for Two Senior 
Technicians in the above Department 
Applicants should possess the Associ- 
ateship or Fellowship qualifications of 
the I.M.L.T. (Diploma in Pathological 
Technique essential) 
Salary scales: With Fellowship £1,210 
£1,500 per annum; With Associate- 
ship £1,075—£1,300 per annum 
If one of the appointees has excep- 
tional qualifications or experience he 
may be designated Chief Technician for 
which the salary scale will be £1,400 
£1,600 per annum 
Further particulars may be obtained 
from the Secretary, Association of 
Universities of the British Common- 
wealth (Branch Office), Marlborough 
House, Pall Mall, London, S.W.1 
Applications close on October 31. 1961 


ABORATORY TECHNICIAN (fe- 

male) required for work connected 
with Particle Size Determination by 
Automatic Methods. Previous labora- 
tory experience should have been in 
Medical or Biological fields. Salary 
according to age and experience in the 
range £500-£650 p.a. Apply in writing 
to Casella (Electronics) Ltd., Metron 
Works, Purley Way, Croydon, Surrey 
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University of Otago, 
Medical School, 
Dunedin, New Zealand. 
Department of Chemical Pathology. 
Applications are invited for Two Senior 
Technicians in the above Department 
Applicants should possess the Associate- 
ship or Fellowship qualification of the 
1.M.L.T. (Diploma in Chemical Pathol- 
logy essential) 

Salary scales: With Fellowship £1,210 

£1,500 per annum; With Associate- 
ship £1,075— £1,300 per annum 

Further particulars may be obtained 
from the Secretary Association of 
Universities, of the British Common- 
wealth (Branch Office), Marlborough 
House, Pall Mall, London, S.W.1 
Applications close on October 31, 1961 


University of Otago, 
Medical School, 
Dunedin, New Zealand. 
Haematology and Blood Serology Depart- 
ments. 
Applications are invited for Two Senior 
Technicians in the above Department 
Applicants should possess the Associ- 
ateship or Fellowship qualification of 
the I.M.L.T. (Diploma in Haematology 
and Blood Transfusion technique essen- 
tial) 
Salary scales: With Fellowship £1 210 
£1,500 per annum: With Associate- 
ship £1,075—£1,300 per annum 
Further particulars may be obtained 
from the Secretary Association of 
Universities of the British Common- 
wealth (Branch Office), Marlborough 
House, Pall Mall, London, S.W.1 


Applications close on October 31, 1961 





PHYSICAL AND INORGANIC 
CHEMISTS 


Reckitt & Sons Limited 

a Physical Chemist a 
Chemists to work if 

tearm on the modification ot 


characteristics of pigmen 


have some experience 
physical chemical problen 
ation of test procedu 


offers fav 
employment and 


organi 

The company 
dit 
answer 


ons ot 


tentative enquiries 


who would like ore 
without commitment 
Enquiries should be addre 
writing to 
The Personnel Director, 
Reckitt & Sons Limited, 


Dansom Lane, Hull 











ABORATORY APPARATUS 

Representative required with good 
connection in London area. Experience 
and knowledge of trade essential 
Good salary to right man. Write with 
full particulars to Charles Hearson & 
Co. Ltd., 68 Willow Walk, Bermondsey, 
London, S.E.1 
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Middlesex County Council, 
Education Department. 
Laboratory Steward required at Brunel 
of Technology, Woodlands 
Acton, London W.3 in 
Physics Department Duties include 
preparation for level 
Heat, Magnetism 

inufacture and 
G.C.t \° level 
Applied Physics, or at 
Physics teaching 
tories essential. Salary Misc. \ 
£750 plus London Weighting uy 
Application from Principal at 
above address, quoting 
returnable by October 23 


College 
Avenue 
degree work in 
Electricity and Optics, 
apparatus 

O.N 4 
five years 
labora- 


£685 


repalr of 
*hysics 
least 
experience in 
sto £40 
forms 
Fi Bes 
1961 


ERVICE ENGINEER for sci 

instruments 
experienced laboratory 
a practical approach to 
chemistry and physics. The work 
volves control of a small staff and son 
travel. Write full details, age 
salary required to Technical 
Shandon Scientific Company 
Southern Row, London, W.10 


Interesting positio 
technician 


engineer 


career and 
Director 


Ltd 65 


SERVICES AVAILABLE 
LECTRIC FURNACES—For all 


laboratory and production purposes 
500 C. to 1750°C. Standard siz Also 
specialists in meeting individual require- 
Leading makers for over 30 
itterson-Smith Ltd., Exhibition 
Wembley, Middlesex 


eS 


ments 
years. ¢ 
Grounds 


FOR SALE 


ILICA CONES AND SOCKETS, 

Vitreosil silica tubing, polished silica 
discs and glazed sheet always in stock 
Custom built silica quartz apparatus 
from Jencons, The Silica Centre, Mark 
Road, Hemel Hempstead, Hertfordshire 
Telephone: Boxmoor 4641 


NOTICES 


RE You Interested In Animals 

Without being A Fanatic? Then 
write for free, illustrated prospectus to 
UFAW (The Universities Federation for 
Animal Welfare), 74 Lamb's Conduit 
Passage, London, W.C.1 





Sole Manufacturers of 
GURR’S 
(Regd Mark) 


MICROSCOPICAL STAINS 
& REAGENTS 


GEORGE T. GURR, LTD. 
136-140 New Kings Road, LONDON, S.W.6 


Trade 











When replying to any of these advertise- 
ments please mention Laboratory Prac- 
tice. It isa courtesy the advertiser always 


appreciates 
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FOR RARE CHEMICALS 


with emphasis on substances produced by 
HIGH PRESSURE HYDROGENATION 





ooo | 
MICH sonar STAINS ASPIRATOR BOTTLES 


& Reagents for Microscopy, Histochemistry etc 
Aquamount. Cytase. Fluoroil. Fluormont. Giemsa. Laktoseal 10 li - 
-litre 65 - 


Lipid crimson. Leishman. Optoil. Pyronin. Lipase. Sun Yellow G 
Toluidine blue. Urease. Violamine 3B etc 


TRIFALGIC ACID, for electrophoresis etc. (ref. Bodman, J 20-litre 10:33 Gd. 


Heavy Duty with Handles & H.D. Polythene Taps 


1960), lvor Smith's Chromatographic & Electrophoretic Techniques 
. 4 »-~ 

. Ly Ly 
104 page Catalogue availabie on request. 3O-litr € i — Pi - 


ENCYCLOPAEDIA OF MICROSCOPIC STAINS , 
500 pages Royal 8vo., price 95/-, Edward Gurr | BORO LABORATORIES & APPLIANCE 
COMPANY LIMITED 


EDWARD GURR LTD., | 1 Station Buildings, Catford, London, S.E.6 


42, Upper Richmond Road West, London, S.W.14 Telephone: HiTher Green 2901. 























CLASSIFIED 
ADVERTISEMENTS 


All advertisements must be PREPAID. Situations Wanted, 4d. per word. Minimum 6s. All other 
advertisements, 6d. per word minimum of 10s. Semi-display advertisements 4s. per line, minimum £2. 
Display advertisements at tariff rates. Box Numbers count as four words. Replies forwarded 1s. extra. 
Replies to Box Numbers must be addressed to Laboratory Practice, 9 Gough Square, Fleet Street, 


London, E.C.4. 


The Proprietors reserve to themselves the right to refuse to insert an advertisement if they think 
proper to do so. All possible care is taken to ensure accuracy in setting up the advertisements, but 
should an error be made the Proprietors will not hold themselves responsible in any way for same. 


PERSONAL 

HE TRUSTEES of The Fleming 

Memorial Fund for Medical Re- 
search will be ready to receive applica- 
tions for grants in aid of basic medical 
research on or after October 1, 1961. For 
further particulars consult The Secretary 
to the Trustees at 26 Upper Brook 
Street, London, W.1. 


OFFICIAL APPOINTMENTS 
LASSBLOWER, preferably aged 35 
or over, required by War Office, 
Chemical Inspectorate, Chorley, Lancs. 
Duties involve construction/repair of 
wide variety of scientific glassware, also 
supervision of staff engaged on main- 
tenance of vacuum equipment and con- 
struction of lab. rigs. Apprenticeship in 
glass-blowing essential and experience 
in high vacuum techniques an advantage 
Appointment in Assistant (Scientific) 
Class. Salary range (under review) £811 
£1,082. Commencing rate according 
to experience. Opportunity of per- 
manency/pension. Five-day week; 18 
days annual holiday. Application forms 
from War Office C.13.A., Room 724, 
Northumberland House, London, 
W.C.2., or any Employment Exchange 
quoting Westminster O/N 3677 


NTOMOLOGIST required by the 

West African Council of Medical 
Research to conduct research into the 
bionomics of simulium in the West 
African rain forest areas at Kumba, 
Southern Cameroons—in particular re- 
lation to the control of onchocerciasis 
Appointment will be on contract for 
two tours of 12-24 months in the first 
instance 

Salary according to qualifications and 
experience in scale £1,248 a year rising 
to £2,388 a year. A temporary allowance 
between £168 and £408 a year dependent 
upon salary is payable during resident 
service in the Southern Cameroons. Free 
passages. Liberal leave on full salary 

Candidates must be single men with 
a good Honours Degree in Zoology and 
experience in entomological field work 
Possession of an M.Sc. Degree and 
tropical research experience would be an 
advantage 

Apply to Crown Agents, 4 Millbank, 
London, S.W.1, for application form 
and further particulars, stating age, 
name, brief details of qualifications and 
experience and quoting reference M3A 
§3475/LAQ. 


NTOMOLOGIST required by The 

West African Timber Borer Research 
Unit at Kumasi, Ghana, to conduct 
research into the biology, ecology and 
control of insect pests of forest trees and 
timber. Appointment on contract for 
two tours of 15-18 months 


Salary according to qualifications and 
experience in scale £1,248 a year rising 
to £2,388 a year. Free passages for 
officer and wife. Assistance towards 
children’s passages or grant up to £300 
a year if educated in U.K. Liberal leave 
on full salary. Quarters provided at 
moderate rental 


Candidates must possess a good 
honours degree in Zoology or Ento- 
mology and have had at least two years 


post-graduate training or research ex- 
perience in forest or timber Entomology 
Women candidates must be single 

Apply to Crown Agents, 4 Millbank, 
London, S.W.1., for application form 
and further particulars, stating age, 
name, brief details of qualifications and 
experience and quoting reference M3A 
53474/LAQ 


SITUATIONS VACANT 
SSISTANT CHIEF CHEMIST re- 
quired by company manufacturing 

seasonings and spices for the meat 
trade; the successful applicant should 
have good experience in analytical 
determinations and __ bacteriological 
work; a degree in Chemistry or Bacteri- 
Ology or equivalent qualifications, and 
some experience in the food industry 
desirable, and age should probably be in 
the region of 25-35. Apply in writing 
giving age salary required, and full 
details of experience to the Works 
Manager, T. Lucas & Co. Ltd.. Mora- 
vian Road. Kingswood, Bristol 
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mental methods 


is provided from nearby towns 





PHYSICIST/ENGINEER 


Physicist or Engineer required to assist in the design of test methods 
and the evaluation of the physical properties of a range of products in 
the plastics, adhesives and surgical splinting fields The successful candi- 
date will be expected to carry out his duties with minimal supervision 
from the initial appreciation of a problem to its final solution by instru- 


The position would be suitable for a man with the appropriate Higher 
National Certificate and the preferred age is under 35 years 

This Company has a Contributory Pension Scheme and conditions of 
service are in conformity with modern practice 
situated in East Hertfordshire, 25 miles north of London, and transport 
Those interested should write, giving 
details of age, qualifications, experience and salary 


Research Manager (Administration), 
Smith & Nephew Research Ltd 
Hunsdon Laboratories, 

Ware, Herts 


The Laboratories are 


required, to 











OXO LIMITED 


MALE WORKS TECHNICIAN REQUIRED 
for culture media production department 


Applicants should have at least three years’ practical chemical 


experience in the 
preferably H.N.€ 


Pharmaceutical 


or Chemical Industry and 


in chemistry. The Company offers good working 


conditions including a five day week, a contributory Superannuation 
Scheme, Canteen, Sports & Social Club 


Please apply in writing giving full detail 


to the 


age, qualifications, experience and salar, 


Personnel Officer, Oxo Limited, Southwark Bridge Rd., London S.E.1 
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The'SERVICE 


-..-. built for 
a lifetime of 


constant use 


The ‘Service’ is without doubt 
the finest student laboratory 
microscope today. The simplicity 
of its design is allied with the 
highest standards of construction, 
resulting in a high quality 
instrument easy to work with 
and capable of giving a lifetime 
of satisfactory service in constant 
use. The comprehensive range 
of accessories, designed to 
make the ‘Service’ suitable 
for more complex work is 
of equally high quality. See the 
Watson ‘Service’ before you decide 


on your next nmicroscope 


WATSON 


W.WATSON & SONS LIMITED* BARNET+ HERTFORDSHIRE 
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Microbiological 
reagents 
and media 


oN to your bench quickly 


Hundreds of different products in the complete Difco 
range are kept in stock ready to be on your bench 
without delay. Even the most specialised needs can be 
met within a few days. 
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Speed, convenience, reliability ...and remember that 
Difco offer the only complete line of 

culture media available in U.K. 

Please send for the latest literature 

concerning your special interests. 


complete 
laboratory 
service 


BAIRD & TATLOCK (LONDON) LTD., CHADWELL HEATH, ESSEX, ENGLAND 


Branches in London, Manchester and Glasgow. 


TAS/D0.13 
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